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Abstract 
A lysine-rich protein (LRP), originally isolated from the winged bean {Psophocarpus 
tetragonolobus), is a potential candidate to be used to enhance the nutritional value of cereal 
crops. However the subcellular localization of LRP in winged beans remain unknown. In 
this thesis research, the subcellular location of LRP was studied via confocal 
immunofluorescence (CI) and immuno transmission electron microscope (immuno-TEM) 
techniques in winged bean seeds as well as via YFP (yellow fluorescent protein) fusion 
approach in transgenic tobacco BY-2 cells. CI and immuno-TEM studies demonstrated that 
the LRP located to cytosol in winged bean cotyledon, while LRP-YFP fusion was localized 
to cytosol and nucleus in transgenic tobacco BY-2 cells via Agrobacterium-mQdiatQd 
transformation. However, when a signal peptide (sp) of proaleurain was used to make the 
SpYFP-LRP fusion and expressed in transgenic BY-2 cells, the SpYFP-LRP was found to 
locate to the endoplasmic reticulum (ER). These two transgenic tobacco BY-2 cell lines 
expressing the LRP-YFP and SpYFP-LRP fusions were further used to study protein export 
out of ER in BY- 2 cells. In living cells expressing LRP-YFP, most YFP signals were 
detected in the nucleus plus minor signal in the cytosol, and the drug Brefeldin A (BFA) did 
not affect YFP patterns. In contrast, living cells expressing SpYFP-LRP showed ER-like 
network YFP signals around the nucleus that colocalized with the ER marker calnexin. 
Furthermore, BFA induced structures marked by the SpYFP-LRP to form typical 
BFA-induced compartments in transgenic BY-2 cells. These aggregated compartments 
colocalized with anti-calnexin that could be partially recovered to normal patterns after 
washing off BFA. Immuno-TEM studies further confirmed the ER localization of the 
SpYFP-LRP fusion protein. 
• V * 
The effect of raised temperature at 37°C on the fate of SpYFP-LRP in transgenic BY-2 
cells was also investigated in this study. Incubation of the SpYFP-LRP cells at 37°C for 90 
minutes resulted in the YFP signal expansion from the nucleus and loss of network signal 
pattern but still colocalized with calnexin. These structural changes were further resolved by 
XEM in which swollen ER, disrupted Golgi apparatus and more small vesicles near the 
nucleus were found. The present of YFP fusion in these induced structures was confirmed 
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Chapter 1 General Introduction 
1.1 Lysine-rich protein from winged bean 
1.1.1 Discovery 
As the major food of human being, cereals (such as rice, corn, wheat) and their 
products are often deficient in the essential amino acid lysine that human cannot synthesize 
and must rely on absorption from food. Genetic engineering efforts have thus been carried 
out to transform and express an essential-amino-acid-rich protein gene into the cereal crops. 
After searching proteins with high lysine content in 10 plant species, a 17 kDa 
polypeptide with the highest lysine content (10.83mol%) from the winged bean 
{Psophocarpus tetrogonolobus\ called winged bean lysine-rich protein (LRP), was 
identified (Liu, 1991) and stably expressed in Arabidopsis thaliana (Cheng, 1999) and 
demonstrated that LRP was a good candidate to enhance nutritional values of cereal crops 
because LRP showed little allergenicity (Wong, 2002). 
1.1.2 Applications in enhancing nutritional values 
To study the possibility of expressing LRP in cereal crops, LRP, under the control of 
rice seed-specific promoter and terminator, was stably transformed into rice (Liu, 2002). 
However the total protein and lysine content in transgenic rice were not enhanced as 
expected when LRP was transformed into rice alone. When fusion protein of LRP with the 
subunit of glutelin was transformed into rice, enhanced levels of lysine content was 
observed in transgenic rice seeds where the fusion protein was targeted to the protein body 
and accumulated stably. Therefore, generating transgenic plants with high lysine content can 
be achieved by targeting LRP to suitable place for its stable accumulation. 
However, several questions concerning the LRP remain unanswered. For example, 
What is the biological functions of LRP in winged bean? What is the subcellular 
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localization of LRP in winged bean seed? Based on the prediction, there is no signal peptide 
sequence in LRP cDNA. It would be interesting to find out the fate of LRP when it is 
targeted into the secretory pathway. It is also interesting to find out if LRP can be used to 
make fusion for stable production and accumulation of targeted proteins in plant bioreactor. 
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— 广 一 • 一 广 T " 了 丁 : _ - T " 丁 " T 一 - T • 丁 二 i — n ! ： : ： i : i ： i I i i • i i i : : ： ： i i i ： I 
24 ：…J•…•….i•…"i…小卜-…：…-…-卜……-•!-…，-…卜--”…卜…t…!••”广…广…i…-广-.r…广…i•…卞 
I I I 1 1 • • • ； ； 1 ； ： ； ： ！ 1 1 I 1 1 I ； ； ； I 
I t I B I • t « ‘ ； ！ I ！ I 1 , I I I i I “ • * ： 1 , 
： • i ^  ； ； 1 ： M i I i i ！ i i i N： i i i ！ i i i i i i M ： I 
1.8-………i."一-卜..h••卜+-+.]•…卜••卜•—+/、….卜••卜“卜•卜卜 
i i i •厂 i i I i i i i i i j li i i ！ i i ’ 丨 ； ； i i i i 丨I 氏 i I 
I 。 - | 7 _ | ? [ \ 顿 _ 1 _ i 
g .0.8..…-i. -f - + 十…卜-.；！^  —…!-……"I十j…-斤卞…广"•^ V-i…卞"i…ll…广-卞-十-卞--"I-…广…�-"^ Tlflr…�…�…; 
^ i ： i i M ： i i /： i M i 1 ： ： i ； I i ！ ！ ； \ i i i ； i i i I ： ! ： ‘‘ ； i / ； ： ; : I ; ; I 1 I : ; ： ; !\ ： ： / • i 1 
-1 6 ！-. —! —；...I.-.u----：--—：•--{ —{----;•——-;•-——;•——•；-.•-;----!•----?•----:----•：-——；----!•、--；^----；"- -！-  -^---? —•；-•.-•I 
： ： ： ： ； ； ； ； ； ； 1 ； i ： ； ； ； ； ； ； ； ； ；\ ； ； ； i ； ： I 
！ i i ； I ； ； ； ； ； ： ： ： ； ： ： ： ： ；\/! \ ； ; I 
： J ； ： ： ； ： ： ； ： I ： 1 ： ： ； ； ： ： ； V M I ‘ 
J L^  I I J I , t • , I , U , , • , , _ _ • • * • ^ J WI 1 J J I J I I 
.2 4 u-.-j—;—1——！—-i—•——I"—；——f—r——:—r—r—r—--!—：—f—r"Ti "“:—: r r r"i 
： I ： I I ； I I . » » I I I • • • • ' • • • ' ' ： • V ' I I I ! 1 
• ' ' ' * ; , , , . » . » t I » I » • » « • I I I' • * • ； I 
I ： ; I . I • I I 
• J ! , , I I I I I I » • « • I • • • • « I I , ' « » ' ; I I , I I . I . I I » • I • • » » • « • I ' I ; I 1 • • I ； I I . I I • • I • • • • I • • » • • 1 ' S J J 
•3 2 L “ . • • … “…卜…：…”:…••；…•{•••-卜…卜…;…"：…•卜 "卜…:…•……-卜•-卜……] -…卜…_ " -••?•••" _••-•! "••”“- : -“••:“ 山‘ •  ； 1 ！ I I I 4 . I I » I I  • « • «      . • I I  • •  • •  •  • » • • • ； ； I ！ , , , I   I . . «  I 1  »  ‘  ‘ • ‘ ‘ I ； ‘ j • j j …i •. j …j, . j j j …j . • i .丨 j . I • j …j 丨 j ‘丨 j …r '• j ,, j • I 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 1 20 125 130 135 140 145 150 155 Position 
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analysis using the method of Kyte & Doolittle mean hydrophobicity profile, BioEdit. Most 
possibly LRP is a cytosolic or lumen protein rather than a membrane protein. 
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1.2 Plant secretory pathway 
1.2.1 Overview of the plant secretory pathway 
The secretory pathway is an important endomembrane system in charge of delivering 
proteins to the cell surface. This pathway also composes of membrane bound 
organelles/compartments that serve as intermediate transport vesicles or destinations of 
proteins retaining in cells. 
The secretory pathway is consisted of several organelles with different morphologies, 
structures, functions and specific proteins on or in them. These organelles generally include 
endoplasmic reticulum (ER), Golgi apparatus, lytic vacuoles and protein storage vacuoles 
that are spatially separated from each other to fulfill their specific functions. The 
transportation among these organelles including anterograde and retrograde steps is 
mediated by unique transport vesicles, which are defined by their position on the pathway, 
the cargo proteins and specific membrane proteins or coat proteins. 
During the transportation of the proteins in the secretory pathway, positive targeting 
signals in their polypeptides are necessary. Similarly, positive retention signals are also 
required for the protein to stay in the organelles. For example, signal peptide is required for 
ER import. For proteins without signal peptides, they will be translated on the free ribosome 
and stay in the cytoplasm or be transported into the nuclear. 
ER is the subcellular site where proteins acquire their proper tertiary and, in some case, 
quaternary structures starting their journeys in the secretory pathway. To enter the secretory 
pathway, the nascent proteins were directed into ER by their signal peptides that were 
removed after entering ER. The signal peptides were hydrophobic and positively charged at 
the ammonium terminus of the polypeptides with an average length of 22.6 amino acids for 
.eukaryotes. ER is uniquely enriched in chaperones and folding enzymes that facilitate 
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folding reactions and ensure that only correctly folded and assembled proteins leave this 
compartment, serving an important "quality control" function in secretory traffic. 
Incompletely folded, mis-folded or unassembled proteins will be retained and/or degraded 
and the unassembled protein exported from ER will be recycled back to ER (Hsu et ai, 
1 9 9 1 ) . Many membrane proteins function at the interface of ER and Golgi that are 
constitutively recycled between ER and Golgi with correct folding and function. These 
proteins include the KDEL receptor, vesicle A^-ethylmaleimide-sensitive factor attachment 
protein receptors v-SNAREs and putative cargo receptors (Cole et al., 1998). Some further 
modifications such as N-linked glycosylation also took place in ER. To stay in the ER, an 
ER retention signal, mostly described as motif of KDEL in animal cells or HDEL, DDEL in 
Saccharomyces cerevisiae, is needed at the carboxyl terminus of the polypeptide (Rose et al, 
1989； Nicholson et al., 1990; Meaden et al., 1990). Proteins bearing this retention signal are 
able to leave ER by vesicular transport and are specially retrieved from the Golgi or a 
pre-Golgi compartment. A receptor encoded by the ERD2 gene from yeasts was found to be 
responsible for the specificity of retention (Lewis et al； 1990; Semenza et al., 1990). 
However there is no unique ER retention signal found in plant cells till now and both the 
ER retention signals in animals and yeasts can retain proteins fused with the retention 
signals in ER. 
Proteins without ER retention signal will be secreted from ER to reach Golgi. Two 
types of intermediate transport vesicles (COPII and COPI) between ER and Golgi have 
been identified. COPII vesicles were derived from ER and moved cargo proteins from ER to 
Golgi, while COPI vesicles were involved in retrograde transport, returning escaped ER 
residents and integral membrane components to ER. A comprehensive description on the 
transportation between ER and Golgi still need further study. Further modifications such as 
N-linked complex glycans and 0-linked glycosylation occurred in Golgi. Glycosylation 
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Chapter 1 General Introduction 
could aid protein folding and resist proteolytic degradation. Trans-Golgi network (TGN) 
was the last station of the secretory pathway where soluble and membrane proteins were 
packaged into distinct transport intermediate vesicles to be transported to their final 
destinations, vacuoles, cell wall, plasma membrane and cell surface (for secretion). 
All the transportation beginning from ER was via membrane-bound vesicles. Targeting 
of vesicles to appropriate organelles requires several membrane-bound and soluble factors 
(Bennett et al., 1992a, 1992b; Sollner et ai, 1993a, 1993b; Calakos et al., 1994). 
Vacuole is the largest organelle in plant cells. They are complex and dynamic with high 
diversity in morphology and function (Bethke and Jones, 2000). More than one kind of 
vacuole has been observed in different cells under different development stages (Aubert e‘‘ 
al., 1996； Paris et al, 1996; Di Sansebastiano et al, 1998; Swanson et al., 1998). Studies 
using different markers demonstrated that plant cells contained at least two functionally 
distinct vacuoles: proteins storage vacuole (PSV) and lytic vacuole (LV) (Paris et al.，1996; 
Jauh et al., 1999). PSVs contain a neutral pH lumen, a stable environment suitable for 
accumulation of many storage proteins, while LVs have an acidic pH lumen for proteases 
accumulation and digestive functions. 
1.2.2 Three models on protein transportation from ER to Golgi 
In plant cells Golgi apparatus acts as central organelle for polysaccharide and 
glycolipid synthesis, protein glycosylation and protein sorting to various cellular 
compartments. Protein transportation from ER to Golgi is a highly dynamic process and 
recent researches suggest that the transportation of soluble proteins occurs via bulk flow. 
However there are different views on the physical interaction of ER and Golgi during 
protein transport. The 'Vacuum cleaner model' (Boevink et al, 1998) suggested that Golgi 
stacks move over the ER surface picking up products like a vacuum cleaner picking up dust 
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while moving over a carpet (Figure 1-2 A). This implied that the whole surface of ER was 
capable of protein export and continuous formation of cargo vectors occurred. In contrast 
the model of 'stop-and-go' or 'recruitment model' (Nebenfuhr et al.’ 1999) hypothesized 
that Golgi stacks received cargo from ER at defined sites, which produced a local stop 
signal that transiently halted stacks movement (Figure 1-2 B). This model was supported by 
the discovery that actin-based Golgi movement was not necessary for ER-to-Golgi 
membrane protein transport (Brandizzi et al, 2002). It suggested a rather stationary image 
of ER surface. The third model of 'mobile export sites model' proposed that protein export 
from ER was restricted to defined export sites, which could be either highly mobile within 
the ER membrane or mobile due to the movement of ER surface (Figure 1-2 C). This model 
suggested that the formation of discrete 'secretory units' was due to the connected 
movement of Golgi stacks and ER export sites in an actin-dependent fashion (Brandizzi et 
al., 2002). 
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A B C 
Vacuum cleaner' ‘stop-and-go， ‘mobile export' 
o — _ _ n o - n — — • 
發 靈 • 
m \ i 一 善 。 眷 
W \ mmwm^^rn 
I | e r C I ^ G A ^ export site ^ cargo 
Figure 1-2 Three models of ER-to-Golgi protein transport (Neumann et al, 
2003). A, 'Vacuum cleaner model' (Boevink et aL, 1998), Golgi stacks move over the ER 
constantly picking up cargo. According to this model, the whole ER surface is capable of 
forming export sites, resulting in their random distribution. B, ‘Stop-and-go model', Golgi 
stacks stop at fixed ER export sites to take up cargo from ER, before moving onto the next 
stop. C，'mobile export site model,，Golgi stacks and ER export sites move together as 
'secretory units' (Brandizz et al.，2002) allowing cargo to be transported from the ER 
towards the Golgi at any time during movement. 
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1.2.3 Brefeldin A: inhibition of secretion 
Brefeldin A (BFA), the fungal macrocyclic lactone, has proved to be an inhibitor of 
protein trafficking in the endomembrane system of mammalian cells (Sciaky et al, 1997). 
Now it is well studied that the target of BFA in mammalian cells is a subset of Sec7-type 
GTP-exchange factors (GEFs) that catalyze the activation of a small GTPase, Arflp 
(Jackson and Casanova, 2000), which is responsible for the recruitment of coat proteins to 
membranes to form the transport vesicles (Scales et al., 2000). One of the earliest effects of 
BFA in non-plant organisms is the loss of COP I coats from the Golgi apparatus (Kreis et 
al.’ 1995). Similarly the molecular targets of BFA exist in plant cells (Steinmann et al., 1999; 
Jackson and Casanova, 2000). The effect of BFA on the subcellular localization of COP I 
coat proteins in tobacco BY-2 suspension-cultured cells was examined and the obtained 
results demonstrated that COP I coats were released from the Golgi to the cytosol rapidly in 
response to BFA, the consequence of an initial inhibition of Arflp and its BFA-sensitive 
GEF (Ritzenthaler et al, 2002) 
BFA also causes the redistribution of Golgi proteins into the ER, i.e. retrograde 
transportation, in both mammalian and plant cells (Sciaky et al., 1997; Boevink et al., 1998; 
Lee et al, 2002). But the disassociation of COP I from Golgi should actually prevent 
Golgi to ER transport, rather than stimulate it. Other proteins involved in Golgi to ER 
transport, the tethering factors and SNARE complexes (Shorter et al, 2002), should be 
counted. When COP I vesicle formation was blocked by BFA, the population of 
v-SNAREs in the Golgi membrane rose, increasing the chances of direct and uncontrolled 
fusion between neighboring Golgi and ER membranes (Elazar et al, 1994). So BFA causes 
the fusion of ER and Golgi membranes in the absence of prior vesicle formation in plant 
and mammalian cells, rather than by a stimulation of the normal retrograde vesicular 
transport pathway (Nebenfuhr et al, 2002). Other studies also reported the formation of a 
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disintegration of Golgi apparatus into a conglomerate of tubules and vesicles termed "BFA 
compartment" in response to BFA (Satiat-Jeuneamitre et al., 1996). Taken together the 
Golgi apparatus splits horizontally in response to BFA, with most cisternae being absorbed 
into ER, while the TGN and possibly the trans-most Golgi cisterna contribute to BFA 
compartment (Nebenfuhr et al., 2002). Further experiments demonstrated that ER to Golgi 
transport was blocked in BFA-treated plant cells (Brandizzi et al., 2002). 
1.2.4 Markers for different organelles 
In different organelles there are some unique proteins that can serve as specific 
markers for the organelles such as calnexin and BiP (Binding Protein) for ER, Mannosidase 
1 and GONSTl (Golgi nucleotide sugar transporter) for Golgi. The discovery of different 
organelle markers has improved our understanding of the organelles and the interaction 
among them dramatically. 
The tonoplast-intrinsic proteins (TIPs) belong to a gene family and function as water 
channels in plant cells (Biela et al., 1999; Karlsson et al, 2000). Different kinds of vacuoles 
were labeled with different combinations of TIPs. For example, Protein storage vacuoles 
with vegetative storage proteins had either 5-TIP alone or 6-TIP and y-TIP and protein 
storage vacuoles with seed storage proteins had either 6-TIP and a-TIP or 5-TIP, a-TIP and 
Y-TIP (Jauher al, 1999). 
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Table 1-1 Summary of markers for different organelles. 
Markers Organelles 
a-TIP and 5-TIP (Jauh et al，1999) PSV (Store seed type storage proteins) 
5-TIP only (Jauh et al., 1999) PSV (store vegetative storage proteins) 
y-TIP only (Jauh et al，1999) Lytic vacuole (LV) 
Calnexin, calreticulin (Parodi, 2000) ER 
Mannosidase 1 (Nebenfuhr et al., 1999)’ Golgi apparatus 
GONSTl (Baldwin et al., 2001) 
BP-80 (Paris et al., 1997)，PV72 (Shimada et Prevacuolar compartment (PVC) 
al., 1997), AtELP (Ahmed et al., 2000) 
1.3 Tobacco bright yellow 2 (BY-2) cell system 
The capacity of plant cells to revive out of a latent stage of differentiation and to start 
dividing at the presence of appropriate hormone concentrations has facilitate the in vitro 
culturing of a panoply of plant species from different tissue sources. However their 
divergent nature also has complicated the integration of different research information 
collected separately based on different materials. It has become more and more evident that 
a model system will create important benefits in many aspects, such as Arabidopsis and 
tobacco {Nicotiana tahacum) bright yellow 2 (BY-2) cells. 
Compared to Arabidopsis cell，BY-2 cells have advantages of bigger and easier for 
detailed observation of its intracellular organization and content. BY-2 cell culture could be 
highly synchronized with good growth rate and homogeneity, which is important for the 
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transformation by cocultivation with Agrobacterium tumefaciens (An, 1985; Klein et al, 
1988). Till now BY-2 cell has served as a model for studies in cytoskeleton (Traas et al, 
1987； Nagata et al, 1992; Fairbaitn et ai, 1994; Hasezawa et al., 1998), cell cycle 
regulation and cell growth (Redig et al, 1996; Laureys et al, 1998). The efforts to identify 
plant genes involved in cell cycle regulation were also carried out in BY-2 cells (Breyne and 
Zabeau, 2001). Especially because of its amenability for microscopic analysis, BY-2 cell 
has become popular for subcellular localization of proteins through fluorescent protein 
tagging. Thus, using organelle-targeted fluorescent markers, cytoskeleton and membrane 
compartments were visualized in live BY-2 cells and dynamics of different organelles were 
studied (Tse et al,, 2004). 
1.3.1 Origin of BY-2 cell line 
The BY-2 cell line was established from the callus induced on a seedling of Nicotiana 
tabacum L. cv. Bright Yellow 2 in 1968 in the Central Research Institute of the Japan 
Tobacco and Salt Public Corporation (now the Tobacco Science Research Laboratory, Japan 
Tobacco, Inc.) (Kato et a!., 1972). Because of the high growth rate and the absence of 
nicotine in this cell line, a try of using them as a raw material for cigarettes and for the 
production of ubiquinone 10 was carried out (Ikeda et al, 1974). BY-2 cell line was not 
used widely and popularly until a high synchronization rate of approximately 70-80% was 
recorded. From then on a lot of cellular and molecular biology studies were conducted in 
the cell line as a good model system. 
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1.3.2 Characteristics of BY-2 cell line 
The efficiency of A. tumefaciens-mQdiidiiQd transformation of BY-2 cells mainly 
depends on the quality of the BY-2 cell culture. After synchronization, BY-2 cells residing 
in M and early Gi phase were 10-fold more susceptible for stable A.如me/ade似-mediated 
transformation than the cells residing in G2 phase. Rapid growth of plant cells is another 
essential factor for efficient transformation (An, 1985; Geelen and Inze, 2001). In addition, 
Agrobacterium strain LBA4404 expressing constitutively the virG gene is 2-5 fold more 
effective in generating transgenic calli (Van der fits et al., 2000). 
1.4 Use of fluorescent proteins as reporters 
1.4.1 GFP and its derivatives 
Green fluorescent protein (GFP), originally discovered and cloned from the Pacific 
Northwest jellyfish, Aequorea victoria, is a commonly used reporter protein, which can be 
detected in a noninvasive way in most eukaryotes and prokaryotes with little requirement 
for specific additional factors for post-translational modification (Davenport et al, 1955; 
Shimomura and Johnson, 1962; Morin and Hastings, 1971; Morise et al, 1974; Prasher et 
al” 1992; Chalfie et al, 1994). Wild-type GFP is a stable, protease-resistant single chain of 
238 residues and the fluorophore results from the autocatalytic cyclization of the 
polypeptide backbone between residues Ser^^ (or Thr^^) and Gly^ "^  and oxidation of the a-p 
bond of Tyr66 (Cody et al, 1993; Heim et al, 1994; Cubitt et al, 1995). The structure of 
Thr^^GFP were determined, showing a distinctive feature of 11-stranded p barrel wrapped 
around a single central helix to form a nearly perfect cylinder, where each strand consisted 
of approximately 3-13 residues (Ormo et al, 1996). The main chain hydrogen bonding 
lacing the surface of the cylinder of likely accounts for the resistance to denaturation and 
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proteolysis. 
However its intrinsic limitations due to its low fluorescence intensity, lag in the 
development of fluorescence after protein synthesis, chromophore photo-isomerization and 
low expression level in high eukaryotes constricts its more wide applications. Many efforts 
were carried out to improve the qualities of the GFP and a few derivatives were developed 
with better characteristics and different spectral properties (Yang et al, 1996, 1998; 
Anderson et al, 1996; Cormack et al, 1996). Table 1-2 shows the GFP derivatives plus 
with the mutated residues and spectral properties. Among them enhanced yellow fluorescent 
protein (EYFP) showed more intense fluorescence and higher stability than GFP and 
became the most popular reporter protein. 
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Table 1-2 GFP and its derivatives 
Point mutations Excitation/Emission Reference 
max (nm) 
WtGFP - 396，475/508 Heim et al, 1994 
EGFP F64L，S65T 489/508 Yang et al., 1998 
mGFP5 VI63A, I167T，S175G 400, 475/508 Haseloff a/. , 1997 
ECFP K26R，F64L，S65T, 434/474 Miyawaki et al.，1997 
Y66W,N146I,M153T, 
V163A，N164H，N212K  
EYFP S65Q V68L，S72A, 514/527 Miyawaki et al, 1997 
T2Q3Y  
MCFP Y66W，VI63A, S175G 440/485 Haseloff, 1999 
MYFP S65G，S72A, V163A, 514/527 Haseloff, 1999 
I167T, S175G,T203Y  
RsGFP S65G, S72A 505/522 Reed et al, 2001 
WtGFP: wild type green fluorescent protein; EGFP: enhanced green fluorescent protein; 
ECFP: enhanced cyan fluorescent protein; EYFP: enhanced yellow fluorescent protein; 
RsGFP: red-shifted green fluorescent protein. 
1.4.2 Reporter system 
Marker genes such as glucuronidase (GUS) and luciferase (Luc) have proved 
extremely useful for reporting gene expression in transformed cells. However they have 
severer intrinsic limitations. GUS expression pattern can be analyzed histochemically 
(Jefferson et al, 1987), but the assay is destructive to the material and inconvenient for 
assaying primary transformants and for following time course of gene expression in living 
plants. Likewise, luciferin-luciferase imaging used in plants (Millar et al 1992, 1995) had 
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suffered from a high nonspecific background. Furthermore the low levels of light emission 
require sensitive hardware and the overall signal strength is not sufficient for subcellular 
imaging. 
Although GFP was discovered many years ago, the widespread and growing use as a 
reporter in a variety of organisms was not exploited until the cloning (Prasher et al, 1992), 
heterologous expression (Chalfie et al, 1994) of its cDNA and removal of a cryptic intron 
from transcripts of GFP coding sequence (HaselofF et al, 1997), especially the generation of 
its derivatives showing different spectral properties. Fusion of GFP to the target proteins at 
the ammonium or carboxyl terminal would not change their structures or characteristics, 
showing the potentiality as a good reporter. Application of confocal imaging technique 
strengthens the use of GFP and its derivatives by allowing precise visualization of 
fluorescent signals within a narrow plane of focus, with exclusion of out-of-focus blur. The 
technique also permits the reconstruction of three-dimensional structures from serial optical 
sections. Direct visualization of GFP fluorescence in living tissues or cells is not prone to 
fixation or staining artifacts, and can provide images of exceptional clarity. 
1.4.3 Applications of GFP and its derivatives in plants 
GFP has been successfully expressed at least once in every species that it has been 
tried in. Besides monitoring gene expression after heterologous expression, GFP and its 
derivatives were mainly used as fluorescent reporter for different organelles/compartments 
by fused with different targeting sequences or proteins containing targeting determinants for 
the studies of protein localization or transportation and dynamics of the endomembrane 
system. Figure 1-3 listed examples of fusion proteins with different destinations. 
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Table 1-3 GFP fusion proteins with different destinations 
Fusion protein Destination Reference: 
GFP alone Cytosol and nucleoplasm Haseloff et al., 1997 
Sp-GFP Cell exterior (secreted out) Mitsuhashi et al., 2000 
Sp-GFP-HDEL ER Haseloff et al，1997 
Sp-YFP-491 (TMD PVC Tse et al.，2004 
and CT of pea BP-80) 
NLS-GFP-GUS Nucleus Grebenok et al, 1997 
GONSTl-YFP Golgi apparatus Baldwin et al., 2001 
a-mannosidase 1 -GFP cis-Go\gi Nebenfuhr et al.，1999 
rbcSSTP-GFP Chloroplast Chiu et al, 1996 
AST82-GFP Chloroplast Takahashi et al, 1999 
coxIV-GFP Mitochondria Kohler et al., 1997 
1.5 Temperature effects on plants 
Temperature is an important factor for plant normal growth and metabolism. Higher 
temperatures induce the heat stress reaction, which seems to be phylogenetically conserved 
and involves (i) a decrease in protein synthesis, (ii) degradation of proteins and their mRNA, 
and (iii) induction of the synthesis of heat stress proteins (Gurley et al., 1991; Ferguson et 
al., 1994). Plant tissues could survive high temperatures up to 20°C over the permissive 
temperature (Alexandrov et al,, 1970), while lower temperatures could inhibit cell growth 
and division (Cherry et al” 1989). 
The eukaryotic cytoskeleton is a highly dynamic and complex structure supporting 
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many basic metabolic processes and highly sensitive to low (non-freezing) temperature 
leading to reversible depolymerisation into subunits. However no obvious damage of ER 
structure was found in cold-treated tobacco BY-2 cells, suggesting the organizational 
independence of this membranous organelle (Schwarzerova et al, 2003). In the other hand, 
high (above 40°C) temperature would disrupt the majority of cellular microtubules and 
decrease the mitotic index (Smertenko et al, 1997). 
Previous studies of temperature effect had been mainly focused on the protein 
synthesis and degradation (Ferguson et al, 1994), heat shock proteins (Lee et al, 2000; 
Hong et al., 2000; Queitsch et al, 2000)，organization of microtubules (Smertenko et al., 
1997) or cytoskeleton (Schwarzerova et al, 2003) of plant cells upon heat stress or cold 
treatment. However, few studies have been carried out to study the higher or lower 
temperature effects on protein transportation and organelle organization, especially the 
endomembrane system. 
1.6 Project objectives 
The overall objectives of this thesis research were to study the subcellualr localization 
of LRP and its application. 
Specific objectives for this project include the following: 
1. To study the subcellular localization of LRP in winged bean seeds via confocal 
immunofluorescence and immimo-TEM; 
2. To generate transgenic tobacco BY-2 cell lines expressing various fusion proteins of 
LRP and YFP; 
3. To study the fates and subcellular localization of these YFP/LRP fusions in transgenic 
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tobacco BY-2 cells via confocal immunofluorescence and immuno-TEM; 
4. To raise polyclonal anti-GFP antibodies and to characterize their specificity and 
cross-reactivity 
5. To study the effect of BFA on the fates of the fusion proteins in transgenic tobacco BY-2 
cells via confocal immunofluorescence; 
6. To study the effect of higher temperature on the transportation of the fusion proteins in 
transgenic tobacco BY-2 cells via confocal immunofluorescence；. 
7. To identify the newly induced compartments upon BFA/heat treatment via conventional 
TEM and immuno-TEM. 
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2.1 Introduction 
As discussed before, the subcellular localization of LRP in winged bean seeds still 
remain unknown. Thus, the research objective in this chapter was to determine the subcellualr 
localization of LRP via confocal immunofluorescence and immuno-TEM (transmission 
electronic microscopy). Confocal immunofluorescence allows the determination of protein 
localization via double-labeling in comparison with known organelle markers, while TEM has 
much higher resolution that can resolve the identity and structure of labeled organelles. The 
detailed procedures and results were described below. 
2.2 Materials and Methods 
2.2.1 Chemicals 
Most of the chemicals used were purchased from Sigma-Aldrich Chemical Co. (St. Louis, 
MO, USA) or otherwise noted at reagent grade or molecular grade. The Kit for Western 
blotting was purchased from Pierce Endogen. 
2.2.2 Plant materials 
Mature winged bean seeds were surface sterilized in 70% ethanol for 5-10 minutes with 
vigorous agitating, followed by washing with distilled water 3 times, each for 5 minutes. 
Sterilized seeds were germinated in petridish with filter paper on the bottom and suitable 
amount of water at 26°C for 3 days. Water and filter paper were changed every day during 
germination. Well germinating seeds at day 3 were selected for fixation and used in confocal 
immunofluorescence and immuno-TEM studies. 
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2.2.3 Antibodies 
Anti-LRP serum was used for the confocal immunofluorescence (CI) and TEM 
immunolabeling (immuno-TEM). Polyclonal anti-alpha-TIP antibodies were used for 
confocal and TEM single labeling and monoclonal anti-alpha-TIP antibodies were used for 
confocal double labeling. 
The antibodies used in this study and their resources are listed below: 
Table 2-1: Antibodies used in the subcellular localization study of LRP. 
Antibodies Type Source Dilution Dilution Dilution Recogni- Reference 
name used for used for used for zed 
western confocal TEM original 
blot immuno- immimo- antigen 
fluorescence labeling 
LRP PAb Rabbit 1:7500 1:5000 1:500 LRP Wong, 2002 
winged 
bean 
Alpha-TIP PAb Rabbit 4ug/ml 4ug/ml 40ug/ml Alpha-TIP Jauh, etal, 
I tobacco 1998,1999 
Alpha-TIP MAb Mouse - No dilution, - Alpha-TIP Jauh, et al, 
n hybridoma direct tobacco 1998,1999 
cells medium 
PAb: polyclonal antibody, MAb: monoclonal antibody 
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Table 2-2: Immuno-labeling and antibodies (Abs) used 
Primary Abs Secondary Abs 
Confocal single Alpha-TIP I Rhodamine-conjugated anti-mouse IgG +IgM 
labeling 
Confocal double Alpha-TIP n Rhodamine-conj ugated anti-mouse IgG +IgM 
labeling 2"': LRP FITC-conjugated anti-rabbit IgG 
TEM single labeling Alpha-TIP I lOnm Gold anti-rabbit IgG 
TEM single labeling LRP 1 Onm Gold anti-rabbit IgG 
2.2.4 Western blot 
2.2.4.1. Protein extraction 
Dry mature winged bean seeds were grounded into powder using grinding machine. 
200^il total protein extraction buffer (1% SDS, 0.5M NaCl in 0.05M Sodium Phosphate buffer, 
pH7.4) per lOmg powder was added to suspend the powder. The mixture was boiled at 100°C 
for 10 minutes and centrifuged at 14,000rpm for 10 minutes. The supernatant was stored at 
-20°C for later use. 
2.2.4.2. Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) 
The procedure of SDS-PAGE was carried out according to Laemmli (1970) with 
modifications. Protein samples were mixed with 5X sample loading buffer (0.3125M 
Tris-HCl pH6.8, 10% SDS, 50% glycerol, 5% beta-mercaptoethanol, 0.05% bromophenol 
blue) and boiled at 100°C for 5 minutes. Then the protein samples were separated by 12% 
SDS-PAGE in electrode buffer (0.025M Tris-HCL pH8.3，0.019M glycine and 0.01% SDS) at 
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50V for 40 minutes and 150V till the bromophenol blue marker reached the bottom of the gel. 
After the electrophoresis the gel could be stained in staining buffer (0.25% Coomassie 
brilliant blue R-250, 10% acetic acid and 50% methanol) for 30 minutes at room temperature. 
The gel was destained in destaining buffer (23.75% ethanol and 10% acetic acid). From the 
destained gel the amount of loaded protein could be calculated approximately. Suitable 
amount of protein was loaded to the gel for Western blot analysis. 
2.2.4.3. Immuno-detection 
Protein samples were first separated by 12% SDS-PAGE as mentioned above. After 
electrophoresis protein samples were transferred to nitrocellulose membrane in modified 
Dunn transfer buffer (lOmM NAHCO3 and 3 mM NazCO]) at 50V for 75 minutes using a 
Mini Trans-Blot cell (Bio-Rad). 
The blots were first blocked in blocking buffer (5% [w/v] milk powder in IX PBS) for 
1-2 hours at room temperature or overnight at 4°C. Then blots were washed in PBST buffer 
(0.05% Tween-20 in IX PBS) for 3 X 1 0 minutes at room temperature with shaking, followed 
by incubation with primary antibodies (diluted in IX PBST with 1% BSA) for 2 hours at 
room temperature or overnight at 4°C. After washing the blots in PBST for 3 X 1 0 minutes at 
room temperature, blots were incubated with horseradish peroxidase-conjugated secondary 
antibodies (1:8000-1:10,000 dilution) for 45 minutes at room temperature. After washing 
away the secondary antibodies, immuno-detection was carried out using an enhanced 
chemiluminence kit (ECL，Amersham pharaiacia Biotech Inc, Piscataway, NJ) according to 
the manual. 
Developed film was scanned on the EPSON expression 1640XL scanner and edited 
through Adobe Photoshop software (San Jose, CA, U.S.A.). 
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2.2.5 Confocal immunofluorescence 
Sample preparation, immuno-labeling and analysis in confocal immunofluorescence 
were performed as previously described (Paris et al., 1996; Jiang and Rogers, 1998). The 
detailed procedures were described below. 
2.2.5.1. Preparation of samples for immuno-labeling 
1. Fixation. 
Germinated winged bean seeds of three days were cut into 2mm cubes and soaked in 
FAA fixation solution (4% formaldehyde, 5% acetic acid and 50% ethanol in distilled water) 
for 4 hours at room temperature, followed by incubation at 4°C overnight. Fixed samples 
could be stored at 4°C for no more than one month. 
2. Dehydration and infiltration. 
This step was done by the machine of Leica TP-1050 (Leica Microsystems Ltd.) using 
the following program: 50% Ethanol, 30 minutes; 70% Ethanol, 2 hours; 85% Ethanol, 2 
hours; 95% Ethanol, 2 hours; 100% Ethanol, 1 hour; 100% Ethanol, 1 hour; 100% Ethanol, 2 
hours; 50% Ethanol + 50% Xylene, 90 minutes; 100% Xylene, 90 minutes; 100% Xylene, 90 
minutes; (at room temperature with stirring on), paraffin wax, 2 hours; paraffin wax, 4 hours; 
(at 62°C with stirring on), paraffin wax, 44 hours (at 62°C with stirring off). 
3. Embedding. 
After the infiltration, four sample cubes were put in one mold and embedded in wax 
using the machine of Thermolyne Histo-Center (S. E. Chemicals and Instruments Ltd.). After 
solidification of the wax, the blocks were separated from the molds by putting on ice and 
stored at room temperature for later use. 
4. Sectioning. 
The block's surface was trimmed to shape of trapezoid, followed by sectioning at 
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thickness of 5|^m on the machine of Leica 2035 Biocut (Leica Instruments GmbH, Germany). 
The sections were fished on fresh distilled water of 50 °C and were mounted onto 
chemically-coated slides (Sigma) after the sections were spread on the water surface. 
Mounted slides were dried on hot plate of 37°C and dried slides were stored at 4°C in slide 
box. 
2.2.5.2. Immuno-labeling 
1. De-paraffmization and re-hydration. 
At first the sections need to be de-paraffinized and re-hydrated by immersing the slides 
in xylene, xylene, 100% ethanol, 95% ethanol, 80% ethanol, 70% ethanol, 50% ethanol, 30% 
ethanol, distilled water, distilled water sequentially, one minute for each step. After washed in 
distilled water the wax should be washed off completely for efficient labeling and the slides 
were kept wet all along the processing. 
2. Immuno-labeling. 
Slides were blocked in blocking buffer (5% [w/v] milk powder in IX PBS) for 1-2 hours 
at room temperature or overnight at 4°C. After washing in IX PBST for 3X 10 minutes, each 
section was surrounded by a hydrophobic circle of pap pen (Electron Microscopy Sciences, Ft. 
Washington, Pennsylvania). To get best result, wipe the slide surface around the section with 
Kimwipe and keep the sections from drying. Thus the antibodies could be saved and labeling 
pattern on continuous sections could be compared. Then the sections were incubated with 
primary antibodies (diluted in IX PBS with 1% BSA) for 6 hours at room temperature or 
overnight at 4°C. For each section, 50|al solution was used. 
After incubation with primary antibodies, slides were washed in PBST for 3 X 
10 minutes at room temperature and incubated with fluorescein-tagged secondary antibodies 
(diluted in IX PBS with 1% BSA at 1:100) for 1 hour at room temperature in darkness. Then 
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slides were washed in PBST for 3 X 10 minutes at room temperature and suitable amount 
Mowiol solution was added to the sections (Mowiol could decrease the rate of fluorescence 
quenching). At last slides were mounted with coverslip and nail polish oil. The fluorescence 
could keep for three days in darkness at 4°C. 
The Mowiol was prepared according that described by Harlow and Lane (1988). 14.4g 
Mowiol was added to 36g glycerol in a beaker and stirred with a spatula to mix them, 
followed by adding of 30ml double distilled water mixing with a stir bar overnight at room 
temperature. Then 72ml of 0.2M Tris (0.884g Tris HCl + 1.744g Tris base per 100ml double 
distilled water, pH8.5) was added and heated to 50°C for 10 minutes with occasional stirring 
until Mowiol completely dissolved. Once dissolved, centrifuge at 5000g for 15 minutes to 
clarify the mixer and aliquot it into airtight tubes for storing at -20°C. 
For double labeling using one polyclonal anti-rabbit antibody and one monoclonal 
anti-mouse antibody, slides were first incubated with one primary antibody for 6 hours at 
room temperature or overnight at 4°C, followed by brief washing in PBST and incubation 
with the other primary antibody for 6 hours at room temperature or overnight at 4°C. After the 
washing steps as described for single labeling, two kinds of fluorescein-tagged secondary 
antibodies were mixed together (diluted in IX PBS with 1% BSA at 1:100) and incubated 
with slides for 1 hour at room temperature in darkness. The followed steps were the same as 
described above. 
2.2.5.3. Collection and analysis of confocal fluorescent images 
All confocal images were collected using a Bio-Rad Radiance 2100 Confocal 
Microscopy system (Bio-Rad Laboratories, USA) and Lasersharp program provided by this 
system. Images were processed with Adobe Photoshop software. In the Lasersharp program 
the fluorescein isothiocyanate (FITC)-labeled signal was pseudocolored to green and the 
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Rhodamine-labeled to red. Superimposition of green and red signal resulted in yellow where 
the two signals overlapped. 
2.2.6 Immuno transmission electron microscope (TEM) study 
2.2.6.1 Preparation of samples 
1. Fixation and dehydration 
This step was performed as described by Okamoto (Okamoto et al, 2001) with 
modifications. 
Germinated winged bean cotyledons of three days were cut into 0.5-lmm^ cubes and 
soaked in fixation solution (4% paraformaldehyde and 2% Glutaraldehyde in O.IM potassium 
phosphate buffer, pH7.4). Then the samples were deaerated by using powerful vacuum pump 
for three times (5 minutes, 5 minutes and 10 minutes). The samples were kept in the same 
solution for another 4 hours at 4°C before washing in O.IM potassium phosphate buffer 
pH7.4 for 2 X 15 minutes (the fixation time could be elongated to overnight). Dehydration 
was carried out in a series of gradient methanol as follows: 30% methanol, 20 minutes; 50% 
methanol, 20 minutes; 70% methanol, 20 minutes; 85% methanol, 20 minutes; 95% methanol, 
20 minutes; 100% methanol, 4 X 20 minutes. For further dehydration, samples were 
incubated in methanol: acetone (1:1) for 2 X 20 minutes followed by incubation in 100% 
acetone for 3 x 20 minutes and 100% methanol for 5 X 1 0 minutes. All the dehydration steps 
were carried out at 4°C. 
2. Infiltration and polymerization 
Dehydrated samples were infiltrated first in methanol: LR white resin (hard grade, 
Electron Microscopy Science, PA 19034) (1:1) for 2-4 hours at 4°C. Then the samples were 
immersed in 100% LR white resin at 4°C overnight and embedded in new LR white resin 
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using gelatin capsules on the next day. Polymerization of LR white resin was performed at 65 
�C for 12 hours. 
3. Ultra thin sectioning. 
Ultra thin sectioning was performed on the machine of Leica Reichert Ultracut S (Leica 
Microsystems Ltd., Germany) and sections of about SOnin were mounted on formvar coated 
100-mesh copper grids (Electron Microscopy Science, PA 19034). The grids were air-dried 
and kept in desiccator for later use. 
2.2.6.2. Immuno-labeling 
The grid with the ultra thin sections was first blocked with 3% BSA in IX PBS at room 
temperature for 10 minutes. After washing with PBS-B buffer (1% BSA in IX PBS) at room 
temperature for 5 minutes, the grid was then incubated with primary antibodies diluted in 
PBS-B buffer for 1 hour at room temperature. Then the sample was washed in PBS-B buffer 
for 5 minutes at room temperature and incubated with colloidal gold anti-IgG (1:15-1:40 
diluted in PBS-B buffer) for 45 minutes at room temperature. Finally the grid was washed in 
with PBS-B buffer for 5 minutes and double distilled water for 2 X 3 minutes. 
Sections were post-stained with 2% aqueous uranyl acetate for 5 minutes and lead citrate 
for 5 minutes at room temperature. The samples were washed in fresh double distilled water 
for 5 minutes after each staining step. And finally the grid was dipped in fresh double distilled 
water for 100-200 times. Before examination and photography using the transmission electron 
microscope (JEM-1200EXn, JOEL Ltd.，Tokyo, Japan) at 80kV the sample was air-dried and 
kept in desiccator. 
The lead citrate was prepared as described by Reynolds (1963). 1.33g lead nitrate, 1.76g 
sodium citrate and 30ml fresh distilled water were added to a 50ml volumetric flask，shaking 
thoroughly for 1 minute and intermittently for 30 minutes. Then 8ml of IM NaOH was added 
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to the flask and the solution was diluted to 50ml with fresh distilled water. The resulting 
staining solution should have a pH of 12.0 and may be kept for up to 6 months in a tightly 
stoppered bottle. 
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2.3 Results 
2.3.1 Anti-alpha-TIP and anti-LRP antibodies have good specificity in 
winged bean seeds 
Alpha tonoplast intrinsic protein (a-TIP) was localized on the tonoplast of the protein 
storage vacuole (PSV) of tobacco seeds (Jauh, et al, 1998, 1999). It serves as a marker for the 
PSV. 
First, I performed Western blot analysis with anti-alpha-TIP and anti-LRP antibodies on 
total proteins extracted from winged bean seeds so that their specificity and cross-reactivity 
can be determined. As shown in figure 2-1, polyclonal anti-a-TIP antibodies detected a major 
band at 26kDa, a predicted size of a-TIP, and anti-LRP serum detected a major band at 17kDa, 
the predicted size of LRP. The results showed that the two antibodies worked well in detecting 
their corresponding proteins in winged bean seeds. 
2.3.2 Anti-a-TIP antibodies labeled PSVs of winged bean seeds 
To further determine the specificity and the usefulness of anti-alpha-TIP, germinated 
winged bean seeds of three days were fixed and embedded in wax to be used for confocal 
immuno-labeling studies, in which paraffin sections of embedded cotyledon were labeled with 
polyclonal anti-a-TIP antibodies.. As shown in figure 2-2, polyclonal anti-a-TIP antibodies 
specifically labeled the tonoplasts of PSVs in paraffin sections for confocal 
immunofluorescence. Thus, a-TIP can be used as a marker for the PSVs of winged bean 
seeds. 
• 31 • 
Chapter 2 Subcellular Localization of Lvsine-rich Protein in Winsed Bean (Psophocarpus tetrasonolobus) Seed 
A kDa B kDa 
一86 一 o o 
—69 
, J ) ‘ 
/ —4(1 ^^一洲 
： 』 mm 
… 1 - 2 2 
� 
Figure 2-1 Specificity of antibodies in winged bean seed. Total proteins were 
extracted from winged bean seeds and separated by SDS-PAGE, followed by Western blot 
detection using polyclonal anti-a-TIP (A) and anti-LRP (B) antibodies. They could detect a 
main band respectively, showing good specificity. Arrowheads indicated the position of 
a-TIP (26kDa) (A) and LRP (17kDa) (B). 
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2.3.3 LRP was localized outside of PSVs 
In order to determine the subcellular localization of LRP in winged bean seeds, 
double-labeling confocal immunofluorescence was performed to compare the localization of 
LRP to alpha-TIP. As shown in figure 2-3, the signals detected by anti-LRP (green) were 
localized outside of the PSVs that were labeled by monoclonal anti-a-TIP antibodies (red). 
This result indicated that LRP located outside PSV and most likely in the cytosol of winged 
bean. 
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Figure 2-3 LRP was localized outside of PSVs in winged bean cotyledon. 
Germinated winged bean cotyledons were fixed in FAA fixative and embedded in wax. 
Paraffin sections were labeled with monoclonal anti-a-TIP and polyclonal anti-LRP 
antibodies. Rhodamine-conjugated anti-mouse IgG and FITC-conjugated anti-rabbit IgG 
were used as secondary antibodies. Green color stands for the position of LRP and red 
color stands for the position of tonoplast. LRP was localized outside of PSVs. Bar = 50nm. 
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2.3.4 Immuno-TEM localization of LRP 
To further resolve the subcellualr localization of LRP, immuno-TEM was performed in 
germinated winged bean cotyledon using anti-LRP and anti-alpha-TIP antibodies respectively. 
As shown in Figures 2-4, the cotyledon cells were full of PSVs and small lipid bodies where 
PSVs ranging in size from 0.5|im to 12|im in diameter were observed. When the polyclonal 
anti-a-TIP antibodies were used in immuno-TEM, the gold particles were specifically 
localized on the membrane of PSVs (Figure 2-5). In contrast, when the section was singly 
labeled with anti-LRP serum, the gold particles were exclusively localized in the cytosol with 
no labeling in the PSVs and lipid bodies (Figure 2-6). Thus, these results confirmed the results 
obtained from the previous confocal immunofluorescence studies and further confirmed that 
LRP localized outside of the PSVs and exclusively in the cytosol. 
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Figure 2-4 TEM overview of winged bean cotyledon. In the germinated winged 
bean cotyledon cells of three days there were many PSVs with different densities, ranging 
from 500nm to 12|im, and small lipid bodies. Besides PSVs lipid bodies were the main 
compartments found in the fixed cells. Arrows indicated different types of PSVs. Bar = 
2|im.  
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Figure 2-5 Immuno-TEM localization of a-TIP antibodies in winged 
bean cotyledon. Germinated winged bean cotyledons were fixed in 4% 
paraformaldehyde and 2% Glutaraldehyde and embedded in LR White resin. Ultrathin 
sections were then labeled with polyclonal anti-a-TIP antibodies and colloidal gold 
anti-rabbit IgG (lOnm). A and C showed that two PSVs with different density were both 
labeled with gold particles on the membrane. B and D showed enlarged part of the two 
PSVs. The contrast was enhanced by post-staining with 2% aqueous uranyl acetate and 
lead citrate. L: lipid body. Bar = 200nm 
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Figure 2-6 Immuno-TEM localization of LRP antibodies in winged bean 
cotyledon. Germinated winged bean cotyledons were fixed in 4% paraformaldehyde and 
2% Glutaraldehyde and embedded in LR White resin. Ultrathin sections were then labeled 
with polyclonal anti-LRP antibodies and colloidal gold anti-rabbit IgG (lOnm). A and C 
showed two TEM single immuno-labeling including PSVs respectively. B and D showed 
enlarged part of A and C. The gold particles were exclusively localized in the cytosol. L: 
lipid body. A, B: Bar=200nm; C，D: Bar = 500nm. 
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2.4 Conclusion and discussion 
In conclusion, the results obtained thus far demonstrated that the polyclonal anti-a-TIP 
antibodies and anti-LRP serum detected their corresponding proteins specificity in winged 
bean seed. In addition, both confocal immunofluorescence and immuo-TEM studies 
demonstrated that anti-a-TIP antibodies specifically labeled the tonoplasts of PSVs while LRP 
localized in the cytosol of winged bean. 
Confocal immunofluorescence and immuno-TEM played major role in this study on the 
subcellular localization of LRP in winged bean seeds. Confocal immunofluorescence is a 
novel tool for the subcellular localization study with the advantages of quick and simple 
samples preparation. The relative localization of the target protein vs. the known labeled 
organelle/compartment could be easily analyzed in one whole cell. However the laser as light 
source for the confocal microscope makes it destined for low resolution (X600 folds 
amplification). The detailed localization of the target protein could not be obtained, especially 
for the small organelles/compartments. Anyway immuno-TEM could make up the limitations 
for the using of electron current as 'light' (X60，000 folds amplification). Under immuno-TEM 
the fine membrane-bound structures could be clearly analyzed and the localization of labeled 
gold particles could be precisely demonstrated. But the complicated samples preparation for 
immuno-TEM makes it less convenient than the confocal immunofluorescence. So the 
confocal immunofluorescence could give us the localization pattern, which provides ideas for 
the immuno-TEM labeling. The co-application of the two techniques could well resolve the 
subcellular localization problems. 
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3.1 Introduction 
Results described in chapter 2 demonstrated that LRP was a cytosolic protein in winged 
bean cotyledons, which was consistent with the prediction that the LRP cDNA does not 
contain a signal peptide sequence. Thus, LRP shall be translated on the free ribosomes in 
cytosol and excluded from the secretory pathway. 
Then a question arose: what if LRP enters the secretory pathway? To test this question, 
various fusions between LRP and EYFP (enhanced yellow fluorescent protein) were made 
and expressed in transgenic tobacco bright yellow (BY-2) cells for further analysis via 
confocal laser scanning microscope (CLSM) and immimo-TEM. Towards this goal, a total of 
four fusion constructs had been made: SpYFP-LRP (Sp = signal peptide), SpLRP-YFP, 
YFP-LRP and LRP-YFP, two with signal peptide sequence at N-terminus and two without. 
Transgenic BY-2 cells expressing these constructs has been generated and used for subsequent 
analysis. 
To facilities detection of the expressed YFP fusions in transgenic BY-2 cells, E coli 
expressed recombinant GFP proteins were used as antigen to inject rabbits for antibody 
production. Affinity-purified anti-GFP antibodies were further tested for their specificity and 
cross-reactivity via Western blot analysis. 
3.2 Materials and methods 
3.2.1 Primers 
Primers listed in Table 3-1 were supplied by Integrated DNA Technologies, Inc. 
(Coralville, lA, USA). 
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Table 3-1 Sequences of oligos used in this study 
Name of Sequence (from 5，to 3') Restriction 
oligo DNA enzymes 
E-LRP-F CGC GAATTC GGTGTTTTCACATATGAGGATGAA EcoR I 
S-LRP-R CCG GAGCTC TCAATTGTATTCAGGATGGGCCAA Sac I 
B-SP-LRP-F CGC GGATCC A T G G C C C i ^ C C C S ^ G T C C T C C T C C T C ^ BamH I 
GCG CTC GCCGTCCTGGCCACGGCeGCCGT 
GCCGTCGCC GGTGTTTTCACATATGAGGATGAA  
E-LRP-R C ^ GAATTC ATTGTATTCAGGATGGGCCAAAAG 一 EcoR I 
B-LRP-F CGC GGATCC ATGGGTGTTTTCACATATGAGGAT 一 BamH I 
B-St-YFP-F CGC GGATCC ATG AGTAAAGGAGAAGAACTTTTCACT BamH I 
E-YFP-R CCG GAATTC TTTGTATTGTTCATCCATGCCATG 一 EcoR I 
S-YFP-F GC GAGCTC AGTAAAGGAGAAGAACTTTTCACTGG Sac I 
X-YFP-R CCG CTCGAG C TTTGTATTGTTCATCCATGCCATGTG Xho I 
35S pro TCC TTC GCAAGA CCC TTC CTC -
NOS ter CAT CGC AAG ACC GGC AAC AGG -
* Restriction enzyme recognition sequences were underlined. 
* * Coding sequences not existing in the templates were shadowed. 
* * * 35S pro and NOS ter were used for sequencing. 
3.2.2 Plant materials 
Wild type or transgenic tobacco BY-2 {Nicotina tabacum L cv. Bright Yellow) cells were 
maintained in both liquid and solid culture medium. Suspension culture cells were grown in 
liquid MS media containing 4.3g/L Murashige and Skoog salts, 30g/L sucrose, 255mg/L 
KH2PO4, lOOmg/L inositol, Img/L thiamine and 0.2mg/L 2,4-dichlorophenoxyacetic acid 
(2,4-D) at pH 5.0. 50ml cells were maintained in a 250ml flask at room temperature with 
shaking at 120rpm. Cells were sub-cultured every 6 days by transferring 4ml of cells to 46ml 
of fresh media. Calli were grown on solid MS agar plates containing 1% agar at pH 5.8 and 
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sub-cultured every 10 days. Among the media, inositol, thiamine and 2,4-D were filter 
sterilized. 
3.2.3 Bacterial strains 
Escherichia coli strain DH5a was used as a host for plasmid manipulation and 
maintenance. Agrobacterium tumefaciens strain LBA4404 containing the helper Ti plasmid 
pAL4404 was used in tobacco cells transformation. Escherichia coli strain BL21-DE3 was 
used as a host for the expression of recombinant GFP. 
3.2.4 Construction of the fusion constructs 
3.2.4.1 Four fusion constructs of LRP and YFP 
Three constructs, pUC 19/491, pBIN/GONSTl and pBI121/491 were used as starting 
vectors for the construction of LRP fusion constructs in this study. Figure 3-1 showed the 
diagrams of the three starting vectors with restriction enzyme sites. pUC 19/491 was ampicilin 
resistant and pBIN/GONSTl as well as pBI 121/491 were Kanamycin resistant. All the coding 
sequences of the fusion proteins in the starting vectors were put in the cassette of 35S 
cauliflower mosaic virus (35S CaMV) promoter and nopaline synthase (NOS) terminator with 
BamH I and Sac I sites at two end, plus with an EcoR I site in the middle. Fragments of LRP, 
SpLRP and YFP were first amplified by polymerase chain reaction (PGR) using different 
primers composition, followed by restriction enzyme digestion before they were used for 
ligation with the double digested vectors (Table 3-2). For the existence of the EcoR I site at 
the downstream of NOS terminator, the four fusion constructs were first cloned into 
pUC 19/491 or pBIN/GONSTl to create the full chimeric genes, which were then cut and 
cloned into the binary vector pBI121 between BamH I and Sac I through pBI 121/491. 
Figure 3-2 to figure 3-5 showed the working flows of construction of the four fusion 
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constructs. Ligation products of pUC19/SpYFP-LRP, pUC19/YFP-LRP, pBIN/LRP-YFP and 
pBIN/SpLRP-YFP shown in figure 3-2 to figure 3-5 were transformed into E. coli DH5a and 
positive colonies were inoculated in LB broth containing suitable antibiotics overnight. The 
plasmids were mini-prepared and checked via double digestion, followed by sequencing 
confirmation before they were cloned into the binary vector pBI121. 
The signal peptide sequence used in this study was derived from the signal peptide 
sequence of proaleurain. 
3.2.4.2 His-tag-YFP fusion construct 
To express recombinant YFP in E. coli.’ chimeric YFP gene was amplified by PGR using 
primers of S-YFP-F and X-YFP-R and cloned into the pET-30a(+) (Invitrogen) expression 
vector between Sac I and Xhol sites. Figure 3-6 showed the diagram of pET-30a(+) and 
working flow of the construction. 
3.2.4.3 Cloning of the fusion protein genes into Agrohacterium binary vector 
pBI121 
The four chimeric LRP::YFP fusion constructs described above were cut with BamH I 
and Sac I to release the fusion fragments for their insertion into the Agwbacterium binary 
vector pBI121/491 between BamH I and Sac I sites. 
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Table 3-2 Combination of primers used for amplification of different 
fragments of the fusion constructs. 
PGR Primers used Enzymes for Vector for cloned Target constructs 
product double into 
digestion 
YFP B-St-YFP-F, BamH I, pUC19/SpYFP-LRP pUC19/YFP-LRP 
E-YFP-R EcoR I 
SpLRP B-SP-LRP-F, BamH I, pBIN/GONSTl pBIN/SpLRP-YFP 
E-LRP-R EcoR I 
LRP-1 E-LRP-F, S-LRP-R EcoR I, Sac I pUC 19/491 pUC 19/SpYFP-LRP 
LRP-2 B-LRP-F, E-LRP-R BamH I, pBIN/GONSTl pBIN/LRP-YFP 
EcoR I 
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Figure 3-1 Diagrams of three starting vectors: pUC19/491 (A), 
pBIN/GONSTl (B) and pBI121/491 (C). 
• 47 • 
Chapter 3 Generation of Transsenic Tobacco BY-2 Cell Lines Expressing YFP and LRP Fusions 
Hindm BamH I EcoR I Sac I 
35S CaMV pro | SpYFP | 491 |NOS ter | ~ ^ P C R PRODUCT 
pUC19/491 EcoR I Sac I 
V / 
Digestion EcoR I &Sac I 
Hind in BamH I EcoR I Sac I ^ 
^ — J 35S CaMV pro | SP-YFP*"j NOS ter | 、 






Hindm BamH I EcoR I Sac I 
35S CaMV pro SP-YFP I LRP I NOS ter ^ 
pUC19/SpYFP-LRP 
S / 
Figure 3-2 Construction of pUC19/SpYFP-LRP fusion construct. PCR 
product of LRP using primers of E-LRP-F and S-LRP-R was double digested with EcoR I 
and Sac I to replace 491 in the vector of pUC 19/491. 
• 48 • 
Chapter 3 Generation of Transsenic Tobacco BY-2 Cell Lines Expressing YFP and LRP Fusions 
Hindm BamH I EcoR I Sac I 
35S CaMV pro | SP-YFP | LRP | NOsl^Tl—y PCR product 
pUC19/SpYFP-LRP BamH I EcoR I 
� ） 
Digestion BamH I &EcoR I 
I ‘ 
Hindm BamH I EcoR I Sac I 
35S CaMV pro* LRP | NOS ter | � 






Hindm BamH I EcoR I Sac I 
35S CaMV pro | YFP | LRP | NOS ter | — ^ 
pUC19/YFP-LRP 
^ / 
Figure 3-3 Construction of pUC19/YFP-LRP fusion construct. PCR product 
of YFP using primers of B-St-YFP-F and E-YFP-R was double digested with BamH I 
and EcoR I to replace SpYFP in the vector of pUC 19/SpYFP-LRP. 
• 49 • 
Chapter 3 Generation of Transsenic Tobacco BY-2 Cell Lines Expressing YFP and LRP Fusions 
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pBIN/GONSTl-YFP BamH I EcoR I 
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Digestion BamH I &EcoR I 
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Hindm BamH I EcoR I Sac I y 
35S CaMV pro | YFP | NOS ter | � 







Hindm BamH I EcoR I Sac I 
广 35S CaMV pro | LRP | YFP | NOS ter 
pBIN/LRP-YFP 
S / 
Figure 3-4 Construction of pBIN/LRP-YFP fusion construct. PCR product 
of LRP using primers of B-LRP-F and E-LRP-R was double digested with BamH I and 
EcoR I to replace GONSTl in the vector of pBIN/GONSTl-YFR 
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Hindm BamHI EcoR I Sac I 
^ • J 35S CaMV pro | GONSTl | YFP | NOS ter | — ^ PCR product 
pBIN/GONSTl-YFP BamH I EcoR I 
SP-LRP V / 
Digestion BamH I &EcoR I 
I f 
Hindm BamH I EcoR I Sac I y 
35S CaMV pro | | YFP | NOS ter | � 







Hindm BamH I EcoR I Sac I 
35S CaMV pro | SP-LRP | YFP | NOS t e T — 
pBIN/SpLRP-YFP 
V J 
Figure 3-5 Construction of pBIN/SpLRP-YFP fusion construct. PCR 
product of SpLRP using primers of B-SP-LRP-F and E-LRP-R was double digested with 
BamH I and EcoR I to replace GONSTl in the vector of pBIN/GONSTl. 
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Figure 3-6 Construction of His-tag-YFP fusion construct. PGR product of 
YFP using primers of S-YFP-F and X-YFP-R and inserted into vector of pET-30a(+； 
between Sac I and Xho I sites. 
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3.2.5 Confirmation of the fusion constructs 
All the fusion constructs were transformed into E. coli DH5a for cloning and 
maintenance. The entire ligation product was added to 100|il competent cell culture and put 
on ice for 30 minutes after mixing. Then the mixture was heat shocked at 42°C for just 45 
seconds in water bath, followed by putting on ice for another 2 minutes. SOOjal LB broth was 
then added to the mixture and incubated at 37°C for 90 minutes at 200rpm for the growth of 
the transformed E. coli. After that the E. coli was concentrated by brief centrifugation and 
spreaded on LB agar plate containing suitable antibiotics for incubation at 37°C overnight. 
Single colony was picked and incubated in LB broth containing suitable antibiotics at 37 
°C overnight. The plasmids were mini-prepared and double digested for insert confirmation 
on 1% agarose gel electrophoresis. Confirmed plasmids were further confirmed by 
fluorescence-based dideoxynucleotide sequencing using the ABI prism dRhodamine 
terminator cycle sequencing ready reaction kit (Applied Biosystems) according to the product 
manual. Sequences obtained from the reaction were blasted with the target sequences using 
program provided by NCBI website (http://www.ncbi.nlm.nih.gov/). 
3.2.6 Transformation of Agrobacterium by electroporation 
Plasmids, pBI121/SpYFP-LRP, pBI121/YFP-LRP, pBI121/SpLRP-YFP and 
pBI121/LRP-YFP, were transformed into Agrobacterium tumefaciens LBA4404 with the 
helper Ti plasmid pAL4404 by electroporation. 
For each construct, an aliquot of 40|il of A. tumefaciens LBA4404 competent cells was 
thawed on ice, mixed with lOng of plasmid DNA and kept on ice for 1 minute. Then the 
cell-DNA mix were transferred to the bottom of a pre-chilled 0.2 ml electroporation cuvette 
(Bio-Rad) and subjected to a pulse of 25|iF, 2.5 kV and 600 ohms in the Gene Pulser 
(Bio-Rad). After discharge 1ml LB broth was immediately added to the cuvette to rescue the 
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cells. The suspended cells were then transferred to a 10ml tube and shaken at 28°C for 2 
hours followed by spreading on LB agar plates supplemented with 50 mg/L Kanamycin and 
25 mg/L streptomycin and culture at 28°C for 2-3 days. 
3.2.7 Transformation, selection and suspension of tobacco BY-2 cells 
Agrobacterium-mQdLidXQd transformation of BY-2 cells were performed as described by 
An (1985) with modifications. 
Single colony of transformed A. tumefaciens LBA4404 containing one of the four fusion 
constructs respectively was cultured in 5 ml LB medium (lOg/L bacto-trypton, 5g/L 
bacto-yeast extract and lOg/L NaCl) supplemented with 50mg/L kanamycin and lOOmg/L 
streptomycin for 16 hours at 28 °C with shaking at 250rpm. 200^1 of the cultured 
Agrobacteria was then co-cultivated with 4 ml of three days old wild type BY-2 cells (about 
1ml compact cells) in petri-dish for 2 days at 28°C without shaking. Before the co-cultivation, 
the wild type BY-2 cells were pipetted up and down using an auto-pipette for about 10-20 
times to partly break the cell wall. The mixture of BY-2 cells and Agrobacteria was washed 
using MS medium until the supernatant became clear by letting the BY-2 cells settling 
automatically. Finally the BY-2 cells were spreaded on MS agar plates containing 50|ig/ml 
kanamycin and 250|j,g/ml cefotaxime and cultured at 26°C in darkness. 
Tiny calli appeared after 2 to 3 weeks' culture. They were transferred to new MS agar 
plates containing 50|ig/ml kanamycin and 250|ig/ml cefotaxime and subcultured every four 
days. The transformed BY-2 cells were screened under confocal microscope with the mercury 
lamp by picking part of the calli to MS medium and mounting the cells on slides with cover 
slips two days after subculture. Positive transgenic BY-2 cells expressing the fusion proteins 
showed green fluorescence under the mercury lamp. 
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Positive transgenic BY-2 cells from confocal screening was cultured on MS agar plates 
to a big callus, which was transferred to 10ml MS medium in a 50ml flask with shaking at 
120rpm for three days. All the 10ml cells were then transferred to 40ml MS medium for 
suspension culture, followed by subculturing every 6 days. BY-2 cells in suspension culture 
showed stronger fluorescent signal under confocal microscope. 
3.2.8 Transformation, screening and induction of E, coli BL21-DE3 for 
expression of His-tagged YFP 
Confirmed construct of pET30a(+)/YFP by double digestion and sequencing was 
transformed into E. coli BL21-DE3 as described in 3.2.5. For screening, several single 
colonies were picked for incubation in LB broth containing 50ug/ml kanamycin at 37°C till 
the value of OD600 reached 0.6 and started the induction using ImM IPTG. Six hours after 
induction the E. coli cells were screened under confocal microscope for the appearance of 
fluorescence with the cells before induction as negative control. Expression of His-tagged 
YFP would generate fluorescence that could be detected under confocal microscope. 
3.2.9 Protein extraction 
3.2.9.1 Protein fractionation of BY-2 cells 
Suspension cultured transgenic and wild type BY-2 cells of 3 days old were collected by 
vacuum filtration, followed by homogenization in liquid nitrogen using mortar and pestle. 1ml 
of 5X extraction buffer (750mM NaCl, 5mM EDTA, 500mM PSMF, 25|ig/ml Leupeptin, 
250mM Tris-HCl, pH 7.4) was added to filtered cells of 40ml culturing medium. The 
homogenate was then centrifuged at 14,000rpm for 15 minutes. The supernatant was 
transferred to the centrifugation tube for further centrifugation at 27,000rpm at 4°C for 2 
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hours. The final supernatant was stored at -20"C as cell soluble fraction (CS fraction). The 
pellet from the first centrifugation was added same volume of IX extraction buffer with 1% 
SDS to resuspend the pellet and boiled at 100°C for 10 minutes. It was then centrifuged at 
14，000rpm for 15 minutes and the supernatant was saved as cell membrane fraction (CM 
fraction).and stored at - 20 °C. For the extraction of total proteins from BY-2 cells, 1ml of f X 
extraction buffer was added to filtered cells of 40ml culturing medium. The homogenate 
added with 1% SDS was boiled at 100°C for 10 minutes and centrifuged at 14,000rpm for 15 
minutes. The supernatant was stored at -20°C as total proteins. 
3.2.9.2 protein extraction from E. coli of BL21-DE3 
50ml transformed E. coli of BL21-DE3 confirmed positive under confocal microscope 
were inoculated in 250ml flask for large-scale production of the His-tagged YFP. The cells of 
six hours after induction were centrifuged to discard the supernatant and resuspended in 2ml 
extraction/wash buffer (300mM NaCl in 50mM sodium phosphate buffer, pH7.0) for 
sonication in ice for 5 minutes. The sonicated mixtures were centrifuged at M.OOOrpm for 10 
minutes and the supernatant were stored at -20°C for affinity purification and other analysis. 
3.2.10 Immunolabeling of suspension cultured cells 
Suspension cultured tobacco BY-2 cells were prepared and immuno-labeled for confocal 
study as previously described (Paris et al, 1996; Jiang and Rogers, 1998; Tse et al., 2004). 
About 500ul BY-2 cells were collected by discarding liquid medium and immersed in 5ml 
fixation solution (3.7% paraformaldehyde in Na-phosphate-EGTA buffer) at room 
temperature for 4 hours, followed by incubation at 4°C overnight with changed 5ml fixation 
solution. Then about 300|il cells were transferred to a new 1.5ml tube and washed in sterilized 
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Na-phosphate-EGTA buffer (50 mM Na-phosphate buffer pH7.0, 5mM EGTA and 0.02% 
sodium azide) for 1 hour at room temperature or at 4°C overnight changing the buffer freshly. 
After removing the supernatant, cells were incubated with 1% cellulysin cellulase 
(Calbiochem, 219466, 200，000units) to digest the cell wall in Na-phosphate buffer (pH7.0) 
for 20 minutes at room temperature, followed by washing with Na-phosphate-EGTA buffer 
for another 2 times. Then the cells were treated with 0.5% Triton X-100 (freshly prepared in 
Na-phosphate-EGTA buffer) for 2 minutes and 30 seconds at room temperature to disturb the 
plasma membrane. After removing Triton X-100 and washing in Na-phosphate-EGTA buffer, 
cells were ready for immuno-labeling. 
Firstly cells were blocked in blocking buffer 1 (1% BSA in IX PBS, filter sterile) for 5 
minutes and for another 30 minutes at room temperature, followed by incubation in primary 
antibodies at 4°C overnight. Primary antibodies were diluted in blocking buffer 2 (0.25% 
BSA, 0.25% gelatin, 0.05% NP-40 and 0.02% sodium azide in IX PBS). Then cells were 
washed in blocking buffer 2 for 30 minutes at room temperature and treated with 
fluorescein-tagged secondary antibodies (diluted in blocking buffer 2 at 1:100) for 1 hour at 
room temperature in darkness. After washing away secondary antibodies with blocking buffer 
2，about 10|il cells were transferred to a slide and slides were mounted with coverslip before 
confocal immimofluorecence study. 
3.2.11 Raising anti-GFP antibodies 
Recombinant GFP (rGFP) (purchased from BD Bioscience) was first mixed together 
before aliquots of 200|ag, 100|ag, 100|ig and lOO^g were prepared and used for rabbit 
injection. Totally two rabbits were injected, one with native rGFP and the other with 
denatured rGFP, which was boiled at 100°C for 5 minutes plus with 0.2% SDS and 0.5% 
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beta-mercaptoethanol 
For the first injection, 200|xg rGFP was diluted to 500|il and mixed with 500|a.l complete 
adjuvant and 5ml pre-immune blood as blank control was collected before injection. In the 
followed two weeks lOOug rGFP was diluted to 500ul and mixed with 500ul incomplete 
adjuvant and injected into the rabbits. 20ml post-immune blood was collected in 50ml falcon 
tube every week from the third week and the titer of the antisera was analyzed using dot blot 
analysis. Another injection of 100|ag rGFP and 500|al incomplete adjuvant was performed 
when the titer decreased. The rabbit was killed when the titer decreased again and the last 
total blood was collected. Collected blood was kept at 4°C overnight and centrifuged at 
5000rpm for 10 minutes. The supernatant was transferred to a new 10ml falcon tube, followed 
by another centrifugation at SOOOrpm for 10 minutes. Finally the sera was kept at 20°C in a 
new 10ml falcon tube. 
3.2.12 Dot blot analysis 
rGFP was diluted into 50|ig/ml, 25|ig/ml, 10昭/ml，5^g/ml and 2|i/ml in deionized water 
and l|il of each aliquot was dropped on nitrocellulose membrane (Schleicher&Schuell 
Bioscience Inc.) stripes with lul deionized water as blank control. The prepared stripes were 
kept at 4°C in tightly sealed tube. 
The ready stripes were blocked in blocking buffer (5% milk powder in IX PBS) for 1 
hour at room temperature or overnight at 4°C followed by rinsing in PBST buffer for 3X10 
minutes at room temperature. Then the stripes were incubated with the antisera (1:100 diluted 
in PBST buffer containing 1% BSA) for 45 minutes at room temperature followed by washing 
in PBST buffer for 3X 15 minutes at room temperature. The stripes were further incubated 
with horseradish peroxidase conjugated anti-rabbit IgG secondary antibodies (1:10,000 
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diluted in PBST buffer, Amersham Bioscience) for 45 minutes at room temperature and 
washed in PBST for 3X 15 minutes at room temperature. Detecting substrate was prepared 
and chemiluminence detection was carried out in dark room. The developed film was scanned 
in EPSON expression 1640XL scanner and the image was edited using Adobe PhotoshopT.O 
software. 
3.2.13 Affinity purification of proteins and antibodies 
3.2.13.1 Metal affinity resin column for protein purification 
2ml of TALON metal affinity resin (BD bioscience) conjugated with cobalt (about 1 m 
of compact resin) were centrifuged to discard the supernatant and washed w;th 
extraction/wash buffer (300mM NaCl in 50mM sodium phosphate buffer, pH7.0) for two 
times in 15ml falcon tube. 4m of protein sample were added to the resin for binding by 
agitating at room temperature for 3 hours at end-to-end shaker. The supernatant was stored 
at -20°C for another binding. The resin was then washed in extraction/wash buffer for two 
times and transferred to a 2-ml gravity-flow column (Bio-Rad) with an end-cap in place. Let 
the resin settle out of suspension and drain the buffer to the top of the resin bed without 
bubble trapped in. The column was washed for another time using 5ml extraction/wash buffer, 
followed by adding 4ml elution buffer (50mM sodium acetate and 300mM NaCl, pH5.0) to 
elute the His-tagged protein. Eluted fraction was collected in eppendorf tubes every 400ul 
(about 8 drops) for measurement of OD280 and SDS-PAGE analysis. The fraction containing 
fewer proteins were concentrated by freeze dry. The column after elution was regenerated by 
washing with 20mM MES (2-[N-morphilino] ethanesulfonic acid, pHS.O) and extraction/wash 
buffer, each for two times. After regeneration, the column could be used for another binding 
or stored at 4°C with 0.02% sodium azide. 
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3.2.13.2 Cyanogens bromide (CNBr) activated sepharose column for 
antibody purification 
Affinity column using cyanogens bromide (CNBr) activated sepharose 4B(Sigma) 
coupled with native rGFP was constructed according to the manufacturer's instructions. 
About 0.4g of CNBr activated sepharose 4B was first washed and swelled in cold ImM 
HCl (200ml per Ig dry sepharose) for at least 30 minutes. The resin was then transferred into 
a 10ml column (Bio-Rad) to remove all supernatant. After washing with a large amount of 
distilled water and coupling buffer (O.IM NaHCOa with 0.5M NaCl, pH8.3-8.5)，the resin was 
mixed with 200ug rGFP (diluted in coupling buffer) 2 hours at room temperature or overnight 
at 4°C using an end-to-end mixer. The flow though was collected and the excess rGFP was 
washed away with coupling buffer by passing through the column. Then the resin was 
blocked with 0.2M glycine at pH8.0, followed by a washing cycle of high salt buffer and low 
pH buffer solutions for 4-5 times (first with basic buffer O.IM NaHCOs/O.SM NaCl pH8.3, 
then with O.IM acetate buffer containing 0.5M NaCl pH4.0). The column was stored at 4�C 
in IX TBS (80g/L NaCl, 2g/L KCl and 30g/L Tris base, pH7.4) with 0.02% sodium azide 
before use. 
The IX TBS solution was drained out from the column and the affinity column was 
washed with two volume of IX PBS. 5ml sera were diluted 1:1 (v/v) in IX PBS and 
centrifuged at 4000rpm for 5 minutes to remove the pellet and the supernatant was transferred 
into the column for binding overnight at room temperature on an end-to-end mixer. The sera 
was saved back and stored at -20°C with 0.02% sodium azide. Wash the column with IX PBS 
to as much resin as possible to the bottom of the column. Then 5ml of 0.2M glycine-HCl 
pH2.0 was added into the column and every 0.5ml flow through was collected in an eppendorf 
tube containing 0.5ml of IM Tris-HCl pH8.3. The OD280 of each tube was measured and the 
ones of more than 0.1 were stored at -20°C. The column was washed using IX PBS until pH 
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value reached 7，then it was ready for another binding or was kept at 4°C in IX TBS with 
0.02% sodium azide. 
3.2.14 SDS-PAGE and western blot analysis 
SDS-PAGE and western blot were performed to detect expression of the fusion proteins 
in the BY-2 cells and test the specificity and cross-reactivity of raised polyclonal anti-GFP 
antibodies. Detailed procedures were described in chapter 2.2.4.2. 
3.2.15 Antibodies 
Anti-calnexin antibody was used in the confocal immunolabeling of suspension cultured 
cells showing the localization of ER in fixed BY-2 cells. 
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3.3 Results 
3.3.1 Two transgenic BY-2 cell lines showed different fluorescent signal 
patterns 
After Agrobacterium-mQdLmXQ& transformation, only two transgenic cell lines expressing 
SpYFP-LRP and LRP-YFP respectively were generated. The other two constructs could not 
be transformed into BY-2 cells successfully. Therefore, all subsequent experiments were 
carried out using these two transgenic cell lines expressing sp-YFP-LRP and LRP-YFP. 
After selection on Kan-containing MS agar plates and screening under confocal 
microscope, suspension cultures were further established from calli and used in confocal study. 
As shown in Figure 3-7，living cells expressing SpYFP-LRP showed ER-like network 
fluorescent signal pattern outside of nucleus, while cell line of LRP-YFP showed fluorescent 
signal in cytosol and nucleus except nucleolus. No detectable YFP signal was detected in 
vacuoles from both transgenic cell lines. 
To further confirm the expression of fusion proteins in transgenic cell lines, Western blot 
analysis was carried out using anti-GFP and anti-LRP antibodies. As shown in Figure 3-8, 
three bands were detected in the total proteins, the protein band at 46 kDa was detected in the 
CS fraction of both transgenic cell lines using either anti-GFP (lanes 3 and 5) or anti-LRP 
(lanes 7 and 9) antibodies, while the band at 44 kDa was detected in the CM fraction in a 
similar way (lanes 4，6，8 and 10). In addition, a smaller band at 25 (a size for soluble YFP) 
was also detected in the CS/CM fractions (lanes 3-6) in transgenic cells using anti-GFP 
antibodies. No signal was detected from control WT cells (lanes 1-2 and 11-12). 
Taken together, transgenic cell lines expressing these two YFP fusion properly had been 
generated and confirmed by both confocal and Western blot analysis. 
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3.3.2 Two cell lines showed different fluorescent signal stability. 
To study the stability of YFP fusion signals in transgenic cell lines during the culture 
cycle, cultured cells were collected daily to upon to day 7 after subculturing for confocal 
imaging. As shown in Figure 3-9，YFP signals in cells expressing LRP-YFP kept constant 
throughout the 7-day culture period (Fig. 3-9A)，while the YFP signals in SpYFP-LRP cells 
gradually lost from day 3 and further demolished after days 4 (Fig. 3-9B). In addition, 
subculture of cells at days 6 resulted in recovery of YFP signals in transgenic cells. These 
results indicate that different subcellualr localization of proteins may affect their stability. 
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Figure 3-9 Profiles of YFP signals during culture. Suspension BY-2 cells of 
LRP-YFP and SpYFP-LRP were collected daily for seven days at room temperature and 
used for confocal imaging. Bar = SO i^m. 
Chapter 3 Generation of Transsenic Tobacco BY-2 Cell Lines Expressing YFP and LRP Fusions 
3.3.3 The two fusion proteins were localized in different places in the BY-2 
cells. 
To further study the subcellular localization of the two fusion proteins in transgenic BY-2 
cells, confocal fluorescent immunolabeling was performed in fixed cells using anti-calnexin 
antibodies, a marker for ER. The calnexin showed network pattern (red) that colocalized with 
the SpYFP-LRP (green) in fixed cells expressing the SpYFP-LRP (Figure 3-1 OA). In contrast, 
in cells expressing the LRP-YFP, the YFP signals (green) were mostly separated from the 
calnexin signals (red) (Figure 3-1 OB). In addition, the signal of LRP-YFP became much 
weaker in immuno-labeled fixed BY-2 cells. Thus, the YFP fusion located to ER in cells 
expressing the SpYFP-LRP while LRP-YFP was mainly localized in both nucleus and cytosol 
in transgenic BY-2 cells. In chapter 4, I will describe study using these two transgenic cell 
lines as tools in characterizing protein export from the ER in BY-2 cells. 
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Figure 3-10 Subcellular localization of YFP fusions via confocal 
immunofluorescence in transgenic BY-2 cells. BY-2 cells of SpYFP-LRP and 
LRP-YFP of two days old were fixed for confocal immunolabeling using anti-calnexin 
antibodies, followed by detection using rhodamine -conjugated secondary anti-rabbit IgG. 
Calnexin (red) was colocalized with the fusion protein of YFP-LRP but separate from fusion prot in of LRP-YFP. LRP-YFP in cytosol disappeared after immunolabeling.Arrowheads indicated colocalization of calnexin an  YFP-LRP. Arrows indicated theprotein of LRP-YFP separ e from calnexin in cytos l. n: nucleus. Bar 二 50|xm.
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3.3.4 “Green，，E. coli expressed the recombinant YFP 
YFP was expressed in E coli so that recombinant YFP proteins can be purified and used 
as antigen for antibody production. Fusion construct of His-tagged YFP in pET30a(+) was 
transformed into E. coli of BL21-DE3 and induced for expression using ImM IPTG. 6 hours 
after induction, the cells were picked for screening under confocal microscope. As shown in 
Figure 3-11，the cells after induction showed green fluorescent signal while the negative 
control did not, indicating that the His-tagged YFP was successfully expressed in E coli cells. 
3.3.5 Expressed recombinant YFP could not be affinity purified 
Protein extraction and purification experiments were then carried out to purify 
recombinant YFP from E coli cells showing fluorescent YFP signals. Total proteins of the 
transformed E. coli after 6-hr induction were extracted and analyzed by SDS-PAGE in which 
the total proteins from wild type BL21-DE3 cells were used as negative control. However, no 
distinct His-tagged YFP band of expected size was detected in SDS-PAGE gel after stained 
with C. blue (Figure 3-12), a result indicating the low expression level of YFP in E coli. 
To further solve this low expression level, affinity column was used to purify the 
recombinant His-tagged YFP from E. coll. A few bands were detected from the purified 
fraction where the 26kDa band was a major one (Figure 3-13 A). However, no band of 
His-tagged YFP with expected size was detected. When Western blot analysis was performed 
in total protein extraction using anti-GFP antibodies two major smear bands were detected 
which were absent in control cells (Figure 3-13B). 
3.3.6 Raised polyclonal anti-GFP antibodies showed good specificity 
As a result, purified recombinant GFP (rGFP) was purchased from BD Bioscience and 
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used as antigens for injecting rabbits. Both native and denatured rGFP proteins were used to 
inject rabbits. Affmity-purified antibodies were then used in Western blot detection of YFP 
fusion proteins of these two transgenic BY-2 cell lines so that their specificities and 
cross-reactivities can be determined via comparing to the commercial anti-GFP antibodies. As 
shown in Figure 3-14, Anti-native GFP antibodies and the commercial anti-GFP antibodies 
had identical results in detecting YFP fusion in these two transgenic cell lines (Figure 3-14, A 
vs. C) where very little signal was detected in WT cells. In addition to the YFP fusion proteins, 
anti-denatured GFP antibodies also detected an extra band at 55 kDa in WT BY-2 cells 
(Figure 3-14, B). Thus, both newly generated anti-GFP antibodies can be used to detect YFP 
fusion in transgenic BY-2 cells via Western blot, but anti-native GFP antibodies had a better 
specificity. 
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Figure 3-11 Confocal detection of YFP in transformed E. coli cells. 
Transformed E. coli containing the vector of pET30a(+)/YFP showed green color under 
confocal microscope (B, C) after IPTG induction, indicating the expression of His-tagged 
YFP. Transformed E. coli of BL21-DE3 before induction was used as negative control. 
Panel C showed enlarged E. coli. Arrows indicated examples of transformed E. coli. Bar = 
50|am. 
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Figure 3-12 SDS-PAGE analysis of transformed and wild type E, colL 
Total protein extracted from 13 transformed E. coli colonies and wild type E.coli of 
BL21-DE3 were separated by SDS-PAGE and stained in Coomassie blue. There was no 
difference in the expression pattern. Arrow pointed to the supposed position of the 
His-tagged YFP. M: marker; -ve: negative. 
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Figure 3-13 Affinity purification of His-tagged YFP. His-tagged YFP was 
affinity purified using talon metal affinity resin. The purified fraction was analyzed by 
SDS-PAGE, showing multiple bands but no band of His-tagged YFP (A). Western blot 
detection using anti-GFP antibodies on the total proteins from the transformed E. coli 
showed two broad bands around 40 kDa, meaning that the His-tagged YFP was modified 
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3.4 Conclusion and discussion 
In this study, four fusion constructs of SpYFP-LRP, YFP-LRP, SpLRP-YFP and 
LRP-YFP were transformed into tobacco BY-2 cells via Agrobacterium-mQdi\2iXQ& 
transformation but only two transgenic cell lines of SpYFP-LRP and LRP-YFP were 
successfully generated. The reason behind such result is unclear. 
Transgenic cells were further established in suspension culture for further analysis. In 
Western blot analysis, anti-GFP antibodies detected a band of 46kDa in CS fraction, a band 
of 44kDa in CM fraction and a band of 26kDa in both the fractions, anti-LRP antibodiec 
also detected two bands of 46kDa and 44kDa. 
The detection of 44/46 kDa proteins was consistent with the predicted size of the 
fusion protein (YFP/LRP or LRP/YFP) while the detection of 26 kDa band only by 
anti-GFP antibodies indicated that this YFP was separated from the LRP motif. The 
deficiency of 26kDa band indicated partial degradation of the two fusion proteins on the 
LRP motif. The band of 44kDa in CM fraction suggested processing during the 
transportation. But the mechanism that the fusion proteins in membranes still need further 
study. 
Confocal immunolabeling results with anti-calnexin antibodies demonstrated that the 
SpYFP-LRP was localized in ER while the LRP-YFP was localized in the cytosol and 
nucleus. Thus the SpYFP-LRP fusion serves as an ER reporter in BY-2 cells. 
The ER localization of SpYFP-LRP is different from that of SpGFP expressed in BY-2 
cells where the GFP was efficiently secreted (Mitsuhashi et al, 2000). Such difference may 
be due to the larger size of YFP-LRP fusion that may result in more difficult protein folding 
in the ER, or, even though it unlikely, the LRP fusion causes the YFP to retain in the ER. 
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4.1 Introduction 
As mentioned in chapter 3，transgenic cell line of SpYFP-LRP can serve as a tool for 
studying ER dynamics and ER protein export since the ER-localized YFP-LRP fusion 
protein can be visualized in living transgenic cells under confocal microscope. In this study, 
the effect of BFA on the SpYFP-LRP signals in transgenic tobacco BY-2 cells was 
investigated using both confocal and TEM. In addition, since the Sp-YFP-LRP was 
predicted to be secreted outside of the cell but it actually was located to ER when expressed 
in BY-2 cells. Here I hypothesize that the ER localization of Sp-YFP-LRP was due to slow 
or improper folding of the protein. To test this hypothesis, transgenic cells were cultured at 
elevated temperature at 37°C so that possible ER export of Sp-YFP-LRP can be studied via 
confocal and TEM. 
4.2 Materials and Methods 
4.2.1 Plant materials 
Transgenic BY-2 cells of SpYFP-LRP of two days old were used for BFA/heat 
treatment, confocal immunolabeling and TEM studies. 
4.2.2 BFA and heat treatment 
1. BFA treatment 
BY-2 cells were subcultured every six days by transferring 5ml cells to 45ml fresh MS 
medium. 500|il cells of two days after subculture were transferred to 1.5ml eppendorf tube 
and BFA was added with final concentration at Sjig/ml, followed by shaking on end-to-end 
shaker. At each time point, 30|al cells were transferred to a slide for confocal observation. 
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2. Recovery from BFA treatment 
After BY-2 cells were treated with BFA for 60 or 90 minutes, the treated cells were 
centrifuged briefly and the medium was washed for three times and replaced with fresh MS 
medium without BFA. Confocal observation was carried out every 15 minutes. 
3. Heat treatment 
4ml cells were transferred to 15ml falcon tube with cap on and cultured at 37°C, 
shaking at 120rpm. Confocal observation was performed every 15 minutes. 
4. Recovery from heat treatment 
After BY-2 cells were cultured at 37°C for 90 minutes, the treated cells were further 
cultured at room temperature. Confocal observation was performed every 15 minutes. 
4.2.3 Confocal immunolabeling 
5ml cells were transferred to 15ml falcon tube for BFA treatment at 5|ig/ml for 
90minutes or culturing at 37°C for 90minutes. Then the cells were fixed as described in 
3.2.9. for confocal immunolabeling using anti-calnexin antibodies. 
4.2.4 Conventional TEM study 
Conventional TEM was mainly used for ultrastructural study, among which fine 
structures were kept well for the using of stringent fixative and embedding material. It was 
performed as described by Ritzenthaler et al. (2002). Detailed procedures were as 
following. 
10ml cells after BFA or heat treatment were centrifuged briefly to discard the medium 
and immersed in 10ml primary fixative (2%[v/v] glutaraldehyde and 10% picric acid ir 
25mM potassium phosphate, pH7.4) for 15 minutes at room temperature and 16 hours at 4 
°C • After washing in 25mM PIPES pH7.0 for 4 times at room temperature, the cells were 
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immersed in secondary fixative (2%[w/v] osmium tetroxide and 0.5%[w/v] potassium 
terrocyanide in 25niM PIPES, pH7.0) for 2 hours at room temperature. Then the cells were , 
washed in 25mM PIPES pH7.0 and distilled water, each for two times. After washing the 
cells were incubated in 2%(w/v) aqueous uranyl acetate for 16 hours at 4°C, followed by 
washing in distilled water until the solution became clear. The cells were dehydrated in an 
acetone series of 30%, 50%, 75%, 100% and 100% acetone, each for 10 minutes. Before 
embedded in Spurr's resin, the cells need to be infiltrated in a resin series of 25%, 50%, 
75% and 100% resin in dry acetone, each for 45 minutes at room temperature, and 100% 
resin in dry acetone for 16 hours at 4°C. Change the resin once more before putting the cells 
in beemcapsules and keep at temperature for 4 hours to evaporate the acetone. Finally the 
cells were transferred to the beemcapsules, centrifuged on a swig-out centrifuge at 200rpm 
for 10 minutes and polymerized at 60°C for 24 hours. Untreated BY-2 cells were also fixed 
for TEM study as control. 
Ultrathin sections were prepared on the machine of Leica Reichert Ultracut S (Leica 
Microsystems Ltd., Germany) and sections of about 80nm were mounted on formvar coated 
copper grids (Electron Microscopy Science, PA 19034). The grids were air-dried and kept in 
desiccator for later use. 
To enhance the contrast of the sections, they need to be post stained in saturated uranyl 
acetate in 70% methanol and lead citrate, each for 5 minutes, followed by dipping in 
distilled water for 100-200 times. The grids were air-dried and kept in desiccator. For the 
preparation of saturated uranyl acetate, uranyl acetate was dissolved in 70% methanol for 
two hours at room temperature with some powder left to make the saturation. The solution 
was centrifuged at 13,000 rpm for 10 minutes and supernatant were transferred to a new 
tube. Before the post staining, saturated uranyl acetate and lead citrate need to be 
centrifuged to make sure the clearness. 
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4.2.5 Immuno TEM using Lowicryl resin and LR White resin 
Because the using of the stringent fixative and Spurr's resin in the conventional TEM 
study, the antigenicity of the protein was completely damaged. The sections for the 
conventional TEM study could not be labeled by the antibodies. Another method using 
different fixatives and Lowicryl resin (Electron Microscopy Sciences, Washington, USA) or 
LR White resin could store the antigenicity of the proteins to do immuno-labeling. Detailed 
procedures were as the followings: 
For the Lowicryl resin, Lowicryl HM20 was prepared as described in the product 
manual containing 2.98g crosslinker D, 17.02g monomer E and 0.1 Og initiator C，which was 
suitable for polymerization from -50�C to 0°C. 10ml tobacco BY-2 cells of two days old 
were centrifuged briefly in a 15ml falcon tube and the supernatant was discarded. 10ml 
fixative (0.25% glutaraldehyde and 1.5% paraformaldehyde in lOOmM sodium cacodylatc 
buffer, pH7.2) were added to the compact cells for 15 minutes at room temperature and 
overnight at 4°C. The fixed cells were then washed in lOOmM cacodylate buffer for 10 
minutes X 2 and in distilled water for 10 minutes X 2 at room temperature. The followed 
dehydration and infiltration were carried out in the machine of Automatic Freeze 
Substitution (Leica Microsystems Ltd., Germany). At first the cells were dehydrated in an 
ethanol series: 30% ethanol at 0°C for 30 minutes, 50% ethanol at -10°C for 1 hour, 70% 
ethanol at-10°C for 1 hour, 100% ethanol at -20°C for 1 hour, 100% ethanol at -20°C for 1 
hour, followed by infiltration in an Lowicryl resin series dissolved in absolute ethanol: 30% 
resin at -20°C for 1 hour，50% resin at -20°C for 1 hour, 70% resin at -20°C for 1 hour, 
100% resin at -20°C for 1 hour, 100% resin at -20°C for overnight. Change the resin once 
more on the next day and wait about 1 hour before embedding the cells in gelatin capsules. 
The resin was polymerized in the capsules by direct UV light for 24 hours at -20°C 
followed by further hardening in sunlight for 3 days at room temperature. 
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For LR White resin, 10ml tobacco BY-2 cells of two days old were centrifuged briefly 
in a 15ml falcon tube and the supernatant was discarded. 10ml fixative (4% 
paraformaldehyde and 2% Glutaraldehyde in O.IM potassium phosphate buffer, pH7.4) 
were added to the compact cells to suspend the cells gently and incubated at 4°C overnight. 
Dehydration was carried out in a series of gradient methanol as follows: 30% methanol, 20 
minutes; 50% methanol, 20 minutes; 70% methanol, 20 minutes; 85% methanol, 20 minutes; 
95% methanol, 20 minutes; 100% methanol and 4X 20 minutes after washing in O.IM 
potassium phosphate buffer pH7.4 for 2 X 15 minutes. Further dehydration was carried out 
in methanol: acetone (1:1) for 2 X 2 0 minutes followed by incubation in 100% acetone for 3 
X 20 minutes and 100% methanol for 5 X 10 minutes. All the dehydration steps were carried 
out at 4°C. Dehydrated samples were infiltrated first in methanol: LR white resin (hard 
grade, Electron Microscopy Science, PA 19034) (1:1) for 2-4 hours at 4°C. Then the 
samples were immersed in 100% LR white resin at 4°C overnight and embedded in new LR 
white resin using beemcapsules on the next day. Polymerization of LR white resin were 
performed at 65 °C for 12 hours. Ultra-thin sectioning was carried out as previously 
described in the conventional TEM study. 
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4.3 Results 
4.3.1 BFA induced the SpYFP-LRP-marked organelle to form 
"BFA-induced" compartments 
BFA at 5-10|j.g/ml has been useful in studying protein traffic from ER to Golgi because 
it prevents protein from reaching Golgi and induce the formation of "BFA-induced" 
compartments. 
To study the effect of BFA on the expression patterns of SpYFP-LRP and the dymanic 
of YFP-marked ER in transgenic BY-2 cells, cells were treated with BFA at 5|ig/ml and 
samples were collected at specific times thereafter for confocal imaging of the SpYFP-LRP 
protein. As shown in Figure 4-1, YFP started to aggregate from a network pattern to form 
"BFA-induced" compartments 45 min after the BFA treatment. Typical punctate signal of 
BFA-induced compartments were found at 90 minutes. Further aggregation into larger 
compartments with less numbers upon to 180 min after the BFA treatment was observed. 
These results are consistent with the indication that the SpYFP-LRP located to the ER 
in transgenic BY-2 cells. Different concentrations (from 2.5|ig/ml to 200|ig/ml) of BFA had 
been used on different plant materials, such as maize, carrot, sycamore, rice and tobacco 
cells, to obtain various BFA response (Chrispeels and Staehelin, 1992; Driouich et al., 1993; 
Kimura et al., 1993; Ritzenthaler et al., 2002; Tse et al, 2004). In this research I used the 
lowest inducible concentration of BFA to exclude the possibility that higher concentratiorr 
of BFA could affect additional organelles/compartments. 
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Figure 4-1 Time-course response of SpYFP-LRP to BFA. Two days old BY-2 
cells of SpYFP-LRP were cultured with 5|ag/ml BFA at room temperature and observed 
under confocal microscope every 15 minutes. Typical BFA-induced compartments were 
found at 90 minutes and the network signal pattern changed to punctate pattern. After 
further treatment, the BFA-induced compartments became bigger and less. Bar = 50jim. 
4.3.2 Partial recovery from BFA treatment 
In order to determine if the effect of BFA on SpYFP-LRP patters was reversible, a 
recovery study after BFA treatment was carried out. BY-2 cells of SpYFP-LRP were first 
treated with BFA at 5|ig/ml for 90 minutes before the BFA was washed off using fresh MS 
medium, followed by sample collection at indicated time for confocal imaging. As shown in 
Figure 4-2，60 min after the washing, no recovery of the original SpYFP-LRP signals was 
detected because the YFP signals remained as punctate pattern around the nucleus. However, 
further incubation of washed cells allow reformation of the ER-network fluorescent signal 
around the nucleus as well as near the plasma membrane, even though a few aggregated 
signals were still visible. The fluorescent signals in washed cells might come from newly 
synthesized fusion protein transported to ER or recovered from the BFA-induced aggregated 
compartments. The ER-like network signals became stronger but complete recovery of 
ER could not be obtained 24 hours after the washing. 
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Figure 4-2 Recovery from BFA treatment at 90 minutes. After treatment with 
BFA (S^ig/ml) for 90 minutes BY-2 cells of SpYFP-LRP were washed using BFA-free MS 
medium. There was no recovery during the first 60 minutes. After 140 minutes, part of ER 
was recovered, showing network signal around the nucleus. Even after 24 hours' washing 
the ER could not be completely recovered from the BFA-induced compartments. The 
punctate signal of the BFA-induced compartments became bigger and less. Bar = 50|im. 
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Figure 4-3 Recovery from BFA treatment at 60 minutes. After treatment with 
BFA (5|ig/ml) for 60 minutes BY-2 cells of SpYFP-LRP were washed using BFA-free MS 
medium. After 30 minutes, part of ER was recovered, showing network signal around the 
nucleus. Even after 12 hours' washing the ER could not be completely recovered from the 
BFA compartments. Also the number of the BFA-induced compartments became less. Bar 
二 5 0 _ 
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It is possible that long time BFA treatment for 90 min might cause too much disruption 
to the endomembrane organelles and thus make it difficult to recover after washing off the 
BFA. To test this possibility, SpYFP-LRP cells were treated with BFA at 5|ig/ml for 60 
minutes only before washing off and confocal imaging were carried out. As shown in Figure 
4-3, detectable ER signal around the nucleus was first found 30 minutes after washing off 
the BFA. ER network signal became stronger and signal near plasma membrane were also 
visible upon longer incubation. However a few signals from the BFA-induced 
compartments were kept all along the recovery process with decreased number and enlarged 
size, keeping close relationship with the ER network. 
Therefore, the ER network could be partially recovered and the BFA-induced 
compartments could not be completely reformed back to their original compartments. In 
addition, the size of the BFA-induced compartments was enlarged gradually, indicating the 
possibility of further aggregation of these compartments. These results were contradictory 
to those described by Ritzenthaler et al (2002), in which transgenic tobacco BY-2 cells 
expressing a Golgi reporter, GmMANl-GFP, were treated with 105|ig/ml BFA for 20 to 30 
minutes and the BFA-induced ER/Golgi hybrid compartments were completely recovered in 
2 hours after washing off the BFA. 
4.3.3 SpYFP-LRP was localized in BFA-induced compartments 
To further characterize the BFA-induced compartments and the subcellular localization 
of the fusion proteins, SpYFP-LRP cells were treated for 90 minutes with 5|ig/ml BFA, 
followed by fixation and immunolabeling using anti-calnexin antibodies, an ER marker. As 
shown in Figure 4-4，the fixed cells in general showed fewer punctate signals than those 
detected from living cells which may be due to the effect of chemical fixation, a common 
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problem found in our laboratory for fixed transgenic BY-2 cells. In addition, some 
autofluorescence signals were also detected from aggregated subcellular structures (Figure 
4-4, arrow head). The size of the "BFA-induced" compartments was similar to those 
detected from BFA-treated living cells. However the immunolabeling using anti-calnexin 
antibodies also showed punctate pattern rather than network pattern as previous shown in 
Figure 3-10，confirming the organizational changes of ER after BFA treatment. Furthermore, 
the fusion proteins remained in ER because they colocalized with calnexin. The change of 
signal pattern was due to the organizational change of ER. In addition, signals derived from 
the calnexin-labeled compartments were obviously bigger than those of the fusion proteins, 
which may be due to the integration of other compartments such as the ER/Golgi hybrid 
(Ritzenthaler et al, 2002). 
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Figure 4-4 BFA-induced compartments colocalized with calnexin. BY-2 
cells of SpYFP-LRP were treated with BFA at 5\ig/m\ for 90 minutes and fixed for 
confocal immuno labeling using anti-calnexin antibodies and rhodamine-conjugated IgG. 
The fusion protein (green) was colocalized with the compartments labeled by calnexin 
(red) and the red signal was bigger than the green one, indicating the fusion protein was 
localized in the BFA-induced compartments and not secreted out of ER. Arrows showed 
the colocalization and arrow heads showed the autofluorescence and the corresponding 
clusters of the fixed cells. Bar = 50jim. 
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4.3.4 BFA treatment induced the formation of various compartments in 
SpYFP-LRP cells 
For the intrinsic limitations of low resolution of the confocal microscope the precise 
morphological changes of the ER or the organization of the endomembrane organelles could 
not be clearly characterized. Transmission electron microscope (TEM) could make up the 
limitation with its high magnification and resolution. Plant Golgi stack was an easily 
recognizable entity that was often well separated from the rest of the endomembrane system 
and amenable to morphological analysis correspondingly. So the normal and perturbed 
Golgi structures were used as negative and positive controls respectively for the treatments 
in the structure study. 
To determine if the expression of fusion proteins affect cellular structure, ultrathir 
sections prepared from wild type and SpYFP-LRP BY-2 cells without BFA treatment were 
examined under TEM. As shown in Figure 4-5, both cells showed normal morphology of 
Golgi apparatus with 4 to 6 stacks (Ritzenthaler et al, 2002). ER was clearly separated from 
Golgi showing irregular shapes. Thus, expression of the YFP fusion protein in transgenic 
BY-2 cells did not affect the structures of their endomembrane organelles including ER and 
Golgi. 
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Figure 4-5 Morphology of Golgi apparatus in wild type and transgenic 
cells. Untreated wild type BY-2 cells (A) and transgenic BY-2 cells of SpYFP-LRP (B) of 
two days old were fixed for conventional TEM. The structure and stack number of the 
Golgi apparatus in the two cell lines were normal as described by others. Bar = 200nm. 
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To further study the structural changes upon BFA treatment, ultrathin sections prepared 
from BFA-treated wild type and BFA-treated SpYFP-LRP BY-2 cells (at 5|ig/ml BFA for 
90minutes) were examined under TEM (Figure 4-6). After BFA treatment, wild type BY-2 
cells showed the formation of typical BFA-induced compartments, i.e. the ER/Golgi hybrid. 
The ER surrounded the Golgi by localizing at the two sides and two ends of Golgi, forming 
a "sandwich" (figure 4-6 A). Especially the ER at the two ends was connected with the 
Golgi by fusion together and the Golgi only had two stacks according to its staining 
properties. Also the ER became swollen after the treatment. Similarly, identical 
BFA-induced ER/Golgi hybrid compartments were also found in BFA-treated SpYFP-LRP 
cells (Figure 4-6 B). 
However, several newly structures were identified only from BFA-treated SpYFP-LRP 
cells that were absent from the BFA-treated WT BY-2 cells. For example, ER/Golgi hybrid 
with increased stacks was observed (Figure 4-6 C). The other observed structures included: 
ER-adjacent small vesicles along the central vacuole (Figure 4-6D), cycle compartment 
with multiple layers of ER cisternae stacks (Figure 4-6E), and large membrane-bound 
structure with internal vesicles (Figure 4-6F). All these BFA-induced compartments from 
transgenic SpYFP-LRP cells were related to ER and therefore they were likely derived from 
the ER. It is also possible that the formation of these structures in response to BFA treatment 
was due to the over expression of the ER-localized SpYFP-LRP in the transgenic cells 
because no such structures were observed from BFA-treated WT BY-2 cells under the same 
condition. These results were consistent with those obtained from the above confocal 
immunofluorescence studies on these transgenic cells 
To further confirm the formation of new structures in BFA-treated transgenic 
SpYFP-LRP cells, a TEM time-course response study was carried out. SpYFP-LRP cellc 
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were treated with 5ug/ml BFA at room temperature for 30, 60 and 90 minutes respectively, 
followed by fixation and embedding in Spuur's resin before ultrathin sections were prepared 
for TEM observation. Similar results were obtained (Figure 4-7). The ER/Golgi hybrid was 
first detected from the 30 min sample (Figure 4-7 A). However, the new structures were not 
detected until 90 minutes after the BFA treatment (Figure 4-7 C-E). At early stage only par+ 
of ER was fused together with Golgi and still other ER was kept continuous near the 
nucleus, still showing network signal pattern under confocal microscope. After further 
treatment, more and more ER was change to new compartments and that the network 
pattern was changed to punctate pattern. These results are consistent with the notion that the 
expression of ER-localized fusion proteins in transgenic BY-2 cells caused the formation of 
new structures in response to BFA treatments. 
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Figure 4-6 BFA treatment induced the formation of new compartments in 
SpYFP-LRP cells. Wild type BY-2 cells (A) and BY-2 cells of SpYFP-LRP (B-F) of 
two days old were treated with BFA at 5|ag/ml for 90 minutes and fixed for conventional 
TEM. Both wild type and SpYFP-LRP BY-2 cells showed ER-Golgi hybrid with decreased 
stack number found in other reports (A, B). Besides the ER-Golgi hybrid, some new 
compartments were discovered: Some ER-Golgi hybrid had increased stacks (C); some 
were small vesicles along the central vacuole (D); some had multiple layer with vesicles 
between the membranes (E) and some were big compartments containing many small 
vesicles inside (F) Arrows pointed to Golgi stacks, arrowheads indicated ER. V: vacuole. 
Bar = 200mn 
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Figure 4-7 TEM time course of BFA treatment. BY-2 cells of SpYFP-LRP of 
two days old were treated with BFA at 5|ig/ml for 30，60, 90 minutes and fixed for 
conventional TEM. ER-Golgi hybrids were found after 30 minutes' treatment and all 
through the treatment, but the new induced compartments were only found after 90 
minutes' treatment. Arrows showed Golgi stacks, arrowheads showed ER. A: 30 minutes; 
B: 60 minutes; C-E: 90 minutes. Bar = 200nm. 
Figure 4-8 SpYFP-LRP localized in ER. Two days old BY-2 cells of SpYFP-LRP 
were fixed for conventional TEM and ultra-thin sections were immuno-labeled with 
200|ig/ml anti-native GFP antibodies. Gold particles were localized in ER. Bar = 200nm. 
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Figure 4-9 Immuno-TEM localization of SpYFP-LRP in BFA-treated 
transgenic cells. Two days old BY-2 cells of SpYFP-LRP were treated with 5|ig/ml 
BFA for 90 minutes and fixed for conventional TEM, followed by immuno-labeling with 
200|ig/ml anti-native GFP antibodies. Gold particles were localized in the ER part of the 
ER-Golgi hybrids (A-C) or in the swollen ER (D，E). Arrows showed Golgi stacks, 
arrowheads showed ER. Bar = 200nm. 
4.3.5 BFA-induced structures contain SpYFP-LRP 
To determine if the newly formed BFA-induced structures in transgenic cell lines still 
contain the SpYFP-LRP proteins, immimo-TEM using anti-GFP antibodies was performed 
on ultra thin sections that were prepared from fixed cells after BFA treatment. Three 
embedding agents were used to prepare fixed cell samples: Spur resin, LR White resin, as 
well as Lowicryl resin. The Spur's resin preserves the fine structure perfectly but damage 
the antigenity greatly, while both LR White and Lowicryl resin preserve the antigenity well 
but with low resolution in membrane fixation. 
For the samples in Spuur's resin, labeling using as high concentration as 200ug/ml 
could get a few gold particles labeling on the compartments. In the ultrathin sections of two 
days old SpYFP-LRP cells gold particles were fond in ER (Figure 4-8), confirming the 
subcellular localization of SpYFP-LRP in ER. 
As shown in Figure 4-9, in sections of BFA-treated transgenic SpYFP-LRP cells, 
anti-GFP gold particles labeled the ER/Golgi hybrid (Figure 4-9 A-C) and swollen ER 
structures (Figure 4-9 D-E). The swollen ER structures are similar to those cycle 
compartments with multiple layers of ER cisternae stacks detected in Spur section (Figure 
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4-6 E). Furthermore, these immunoEM results are consistent with the confocal 
immunolabeling results using anti-calnexin antibodies in which the SpYFP-LRP was 
showed to retain in ER even after BFA treatment. 
4.3.6 Elevated temperature affected the signal pattern but not the 
localization of SpYFP-LRP in transgenic BY-2 cells 
Elevated temperature has been shown to facilitate protein folding and export from the 
ER in eukaryotic cells. As discussed before, since the SpYFP-LRP were predicted to be 
secreted outside of the cell but the obtained results so far demonstrated that SpYFP-LRP 
actually was located to ER when expressed in BY-2 cells. It is thus possible that the ER 
localization of SpYFP-LRP was due to slow or improper folding of the protein. If the 
protein were not folded correctly, it would be retained in ER for degradation. Enhanced 
temperature will induce expression of the heat shock proteins, which could act as 
chaperones for the correct folding of the proteins, thus affecting the subcellular localization 
of the mis-folded proteins. To test this hypothesis, transgenic cells were cultured at elevated 
temperature at 37°C so that possible ER export of Sp-YFP-LRP can be studied via confocal 
and TEM. 
To test the possibility that elevated temperature may affect the subcellular localization 
of SpYFP-LRP BY-2, transgenic cells were first incubated at 37°C, followed by sample 
collection for confocal imaging every 30 min up to three hours. As shown in Figure 4-10, 
the YFP fluorescent signal patterns changed from an ER network into a distinct pattern 
closely around the nucleus with extended network in the cytoplasm. For example, 90 min 
after the temperature treatment, the fluorescent signals aggregated together to form a cluster 
around the nucleus with abundant signal extension into the cytoplasm. The signals around 
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the nucleus became stronger and the cortical ER network signal pattern disappeared 
gradually upon treatment. In addition, the treated cells became bigger in size. In the 
subsequent confocal and TEM studies, cells cultured at 37°C for 90 minutes were used. 
Recovery from heat treatment (Figure 4-11) demonstrated the slow recovery from heat 
treatment. After 45 minutes' recovery the extended ER-like network signal began to appear 
but still there was cluster of fluorescent signal around the nucleus. After 60 minutes the 
cluster disappeared and the ER-like network fluorescent signal was recovered. 
To further determine the SpYFP-LRP still remain in ER, heat treated-cells at 90 min 
were fixed and used for immunolabeling with anti-calnexin antibodies. As shown in Figure 
4-12, the SpYFP-LRP signals (green) were completely overlapped with those detected by 
anti-calnexin antibodies (green) in patterns that were similar to those detected from living 
transgenic cells after the treatment (Figure 4-10). Interestingly, the signals from ER (as 
detected by anti-calnexin) were also located to a cluster around the nucleus rather than 
network pattern detected from untreated BY-2 cells (Figure 3-10). These results indicated 
that the cluster extending from the nucleus was derived from ER that still contain both the 
YFP fusion and the ER resident protein calnexin. It is thus likely that, upon the heat 
treatment, the original ER network changed and some parts budded off to form new 
vesicular structures that also resident with the SpYFP-LRP fusion proteins in transgenic 
cells. To test this hypothesis, immuno-EM studies were further carried out on sections 
prepared from treated transgenic cells. 
• 101 • 
SpYFP-LRP DIC SpYFP-LRP DIC 
_ _ 
Figure 4-10 Time-course response to heat treatment. BY-2 cells of 
SpYFP-LRP of two days old were cultured at 37 °C and observed under confocal 
microscope every 30 minutes. The network signal pattern was changed and a new cluster 
of signal started from nuclear apparently at 90 minutes. The signal around the nuclear also 
enhanced, showing an obvious circle. After heat treatment the cell size was enlarged. Bar 二 
50|am. 
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Figure 4-11 Recovery from heat treatment. After heat treatment at 37°C for 90 
minutes, SpYFP-LRP BY-2 cells were cultured at room temperature for recovery. There 
was no recovery in the first 30 minutes. Extended ER-like network signals appeared at 45 
minutes. After 60 minutes' inoculation at room temperature the cluster of fluorescent 
signals around the nucleus disappeared and the ER-like network fluorescent signal was 
recovered. Bar = 50)Lim. 
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Figure 4-12 SpYFP-LRP colocalized with calnexin after heat treatment. 
Two days old SpYFP-LRP BY-2 cells were cultured at 37°C for 90 minutes and fixed for 
confocal immunolabeling using anti-calnexin antibodies and rhodamine-conjugated IgG. 
The fusion protein (green) was colocalized with the compartments labeled by calnexin 
(red), indicating that the fusion protein was not secreted out of ER and the induced 
compartments originated from ER. Bar 二 50|im. 
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4.3.7 Elevated temperature treatment induced the SPYFP-LRP cells to 
form new vesicular compartments 
To first identify the putative vesicular structures adjacent to the nucleus in heat-treated 
SpYFP-LRP transgenic cells, ultrathin sections were prepared from Spur's resin of both WT 
and transgenic heat-treated cells for structure studies. As shown in Figure 4-13, when the 
WT BY-2 cells were incubated at 37"C for 90min, the Golgi structures remained normal 
(Figure 4-13, A-B). In contrast, the numbers of Golgi stacks were reduced in SpYFP-LRP 
transgenic cells as a result of heat treatment (Figure 4-13 C) and swollen ER structures were 
detected. In addition, in heat-treated SpYFP-LRP cells, clusters of numerous small cytosolic 
vesicles about 100-200 nm were identified adjacent to the nucleus that were closely related 
physically to ER and Golgi apparatus (Figure 4-13 C-D). I therefore hypothesized that the 
clusters of these small vesicles were the same ER extended structures adjacent to the 
nucleus identified in confocal imaging after heat treatment (Figure 4-10). 
To further conform this notion, a time-course study was performed in which transgenic 
cells were incubated at 37°C before samples were collected at specific time for TEM 
preparation. As shown in Figure 4-14，the numbers of Golgi stacks in treated cells were 
gradually reduced from the original 6-7 to 2-3 during the 90 min culture period and the size 
of Golgi was also decreased. In contrast, the visible numbers of small vesicles in the cytosol 
but close to the nucleus increased greatly during the treatment period. Again, swollen ER 
was visible. These results are in consistent with the hypothesis that these vesicles were 
newly formed in response to the heat treatment in the transgenic SpYFP-LRP BY-2 cells. 
To further confirm the hypothesis that these newly formed vesicles were induced by 
the heat treatment in transgenic cells and confirm that these vesicles contain the 
SpYFP-LRP protein as predicted from the confocal imaging results, immuno-TEM with 
anti-GFP antibodies was carried out on sections prepared from heat-treated transgenic cells. 
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As shown in Figure 4-15, the gold particles were found in swallowed ER (Figure 4-15 A, B)， 
and the vesicles (Figure 4-15 C). These results provided further confirmation that these 
vesicles were formed from ER in response to elevated temperature. 
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Figure 4-13 Elevated temperature induced the formation of new vesicular 
compartments in transgenic BY-2 cells of SpYFP-LRP. Two days old BY-2 
cells of wild type (A, B) and SpYFP-LRP (C，D) were cultured at 37°C for 90 minutes and 
fixed for conventional TEM. Besides the decreased stack number of Golgi apparatus in all 
the cells, many small vesicles were found near the nucleus and Golgi apparatus in the 
SpYFP-LRP cells. Arrowheads indicated Golgi apparatus with reduced stacks, n: nucleus. 
Bar = 200nm. 
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Figure 4-14 Time-course response to heat treatment in SpYFP-LRP cells. 
Two days old SpYFP-LRP cells were cultured at 37°C for 30，60，90 minutes, respectively, 
followed by fixation for conventional TEM. At early stage (30 minutes) the stack number of 
Golgi apparatus decreased but no many vesicles nearby. After 60 minutes there were more 
small vesicles near the disrupted Golgi apparatus. The Golgi apparatus was further 
disrupted to only 2 to 3 stacks and more small vesicles and swollen ER appeared near the 
nucleus at 90 minutes. Bar = 200nm. 
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Figure 4-15 SpYFP-LRP was localized in ER and post-Golgi vesicles. Two 
days old SpYFP-LRP cells were cultured at 37°C for 90 minutes and fixed for conventional 
TEM, followed by immuno-labeling with 200ug/ml anti-native GFP antibodies. Gold particles 
were found to localize in swallowed ER (A, B) and post-Golgi vesicles (C). Arrows showed 
Golgi stacks, arrowheads showed ER. Bar = 200nm. 
4.4 Conclusions and Discussion 
4.4.1 BFA treatment 
The tobacco BY-2 cell line of SpYFP-LRP was very sensitive to BFA treatment. 
Typical BFA-induced ER-Golgi hybrid structures were found under confocal microscope 
and TEM after BFA treatment at 5[ig/ml for 90 minutes. The punctate SpYFP-LRP signals 
after 90 minutes' BFA treatment further remained in the ER because they colocalized with 
an ER resident protein calnexin. Conventional TEM study further demonstrated the 
formation of ER-Golgi hybrid and the disruption of the ER network organization in 
BFA-treated cells. 
In addition to the ER-Golgi hybrids, several novel structures were detected from 
BFA-treated transgenic SpYFP-LRP cells but not from BFA-treated WT BY-2 cells. These 
results indicated that overexpression of the SpYFP-LRP fusion protein caused the 
transgenic BY-2 cells to response to BFA treatment differently from that WT cells, which 
was possibly be due to the ER-localization of the SpYFP-LRP proteins in transgenic cells. 
In addition, the SpYFP-LRP signals could not be completely recovered from BAF treatment 
after washing off the BFA in this study. Ritzenthaler et al. (2002) reported that the BFA 
induced ER-Golgi hybrids in a Golgi targeted GFP BY-2 cell line could be slowly recovered. 
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So the novel induced compartments should count for the irreversible spot signal. They also 
found that BFA would not change ER network signal pattern in tobacco BY-2 cells 
containing an ER localized GFP-HDEL protein. However their TEM structure results 
showed the opposite effects: BFA treatment could change the organization of ER. Such 
difference may be due to the different nature between the GFP-KDEL and the SpYFP-LRP 
in these two transgenic cell lines. Future study is needed to address this question. 
Immuno-TEM also confirmed the ER localization of SpYFP-LRP in transgenic cells. 
After BFA treatment, SpYFP-LRP was also mainly localized in the ER part of the ER-Golgi 
hybrid and in the swallowed ER. BFA treatment only changed the organization of the 
secretory pathway but not the subcellular localization of the ER protein. The application of 
ultrathin sections for conventional TEM study and high antibody concentration in 
immuno-TEM was a compromise between well-preserved structure of the conventional 
sections and well-preserved antigenity of the LR White and Lowicryl sections. While 
technique of high-pressure frozen cells had high requirement for the machines. A good and 
popular protocol that could preserve both the fine structures and the antigenicity was urged. 
The fusion of ER and Golgi could be caused by the interaction of t-SNAREs and 
v-SNAREs in the membrane of ER and Golgi for the dismissing of coat proteins (COP). In 
fact arguments on the BFA effects on the plant secretory will never stop. Many experiments 
had been carried out and still more and more questions need to be answered. But the 
changed organization of the secretory pathway in response to BFA treatment, especially the 
early pathway, was obvious. BFA treatment may prevent the formation of intermediate 
vesicles for transportation and the formation of ER-Golgi hybrids, and thus block secretion 
and redistribution of Golgi proteins back to ER. 
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4.4.2 Heat treatment 
Upon heat treatment, SpYFP-LRP remained colocalized with an ER resident protein 
calnexin around the nucleus with extended network, a pattern that was different from the 
typical ER network pattern before the treatment. Moreover, new vesicles adjacent to the 
nucleus were identified only in transgenic SpYFP-LRP cells after the elevated temperature 
treatment. Further immuno-TEM studies with anti-GFP antibodies confirmed that these 
vesicles contained the SpYFP-LRP fusion protein, which were also be detected in the ER 
and Golgi apparatus of treated transgenic cells. Thus, the organization of the early secretory 
pathway including ER and Golgi apparatus of transgenic SpYFP-LRP BY-2 cells was 
changed because certain portion of the ER membrane protein calnexin was redistributed 
into the newly formed vesicles, rather than being exported to Golgi in response to heat 
treatment. The observation of disrupted Golgi apparatus with reduced stack numbers and the 
newly formed vesicles in treated transgenic cells also supported this notion. It is also likely 
that these newly formed vesicles may be derived from ER because they still contained the 
ER resident protein calnexin. 
The organizational changes of the secretory pathway should be related to the changes 
of the microtubules organization. As we know, all the organelles/compartments moved on 
the microtubules in an energy-dependent manner. Under raised temperature, normal evenly 
distributed microtubules were altered to form microtubule clusters with enhanced 
polymerization (Smertenko et al, 1997). Thus Golgi apparatus lost its stacks for the 
cisternae maturation, preventing the formation of new vesicles transportation for the 
formation of new cisternae. Similarly, the inhibition on the movement of the transportation 
vesicles also caused ER to be swallowed. In conclusion, little is know about the effect of 
elevated temperature on the organization and protein traffic of the plant secretory pathway. 
As a first step toward this question, I used the transgenic tobacco BY-2 cells expressing an 
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ER -localized SpYFP-LRP as a tool to follow its fate in response elevated temperature. The 
relationship between the secretory organelles/compartments and the cytoskeleton need to be 
further elucidated. 
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5.1 Summary 
In this thesis research project for master of philosophy degree, the cytolocation of 
lysine-rich protein (LRP) was studied in winged bean seeds and in transgenic tobacco bright 
yellow (BY-2) cells expressing various LRP fusions with yellow fluorescent protein (YFP). 
In addition, ER exports and ER dynamics in response to Brefeldin A and elevated 
temperature were studies using transgenic tobacco BY-2 cells expressing the ER-localized 
SpYFP-LRP reporter. 
First, the subcellular localization of LRP in the cytosol of winged bean seed cotyledons 
was demonstrated by confocal immunofluorescence (CI) and immuno-TEM using 
anti-a-TIP and anti-LRP antibodies. This result was consistent with the prediction that LRP 
lacked a signal peptide sequence from its cDNA sequence. 
Second, two transgenic tobacco BY-2 cell lines expressing fusion proteins of LRP-YFP 
and SpYFP-LRP respectively were generated by Agrobacterium-mQdmtQd transformation. 
LRP-YFP cells showed YFP fluorescent signals in the cytosol and nucleus, excluding from 
the nucleolus and organelles/compartments in the cytosol. Thus, this fusion protein did not 
enter the secretory pathway and its fluorescent signal remained constant throughout the 
culturing period. In contrast, SpYFP-LRP cells showed ER-like network fluorescent signals 
that colocalized with calnexin, an ER membrane protein. Immuno-TEM using anti-GFP 
antibodies confirmed the ER localization of SpYFP-LRP. Thus, the signal peptide targeted 
the SpYFP-LRP into the ER but no further transportation for the reporter took place in 
transgenic cells. The signals in ER could only be kept for four days in the seven days' 
culturing period and be recovered after subculture in fresh MS medium. 
Third, transgenic BY-2 cells expressing the ER-localized SpYFP-LRP was therefore 
used as an ER reporter in studying ER dynamic and ER protein export. When the 
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SpYFP-LRP cells were treated with BFA at 5|ig/ml, BFA changed the YFP- ER-like 
network signal pattern into typical 'BFA-induced' compartments in confocal and TEM, 
where ER-Golgi hybrids were identified. In addition, at the TEM levels, several newly 
formed BFA-induced compartments were identified in the SpYFP-LRP transgenic cells but 
absent from treated WT cells, a result indicating that these new structure formation in 
response to BFA treatment may be due to the overexpression of the SpYFP-LRP protein. 
These BFA-induced compartments could not be recovered completely after washing away 
BFA. The close physical interaction between the remained spot signal and the recovered 
ER-like network signal, as well as the localization of calnexin in the induced compartment 
upon BFA treatment suggested that these newly BFA-induced compartments derived from 
the ER. The novel induced compartments except the ER-Golgi hybrid and the irreversibility 
of BFA effects showed the uniqueness of the SpYFP-LRP transgenic cells, which also 
indicated that high expression level of foreign proteins in various subcellular compartments 
of plant cells may alter their physiological response to chemical and environmental signals. 
Fourth, the effects of elevated temperature on the distribution of ER-marked reporter in 
the transgenic SpYFP-LRP cells were also studied by culturing the cells at 37°C. , the YFP 
fluorescent signal patterns changed from an ER network into a distinct pattern with YFP 
signals closely around the nucleus and extended network in the cytoplasm where the 
fluorescent signals aggregated together to form a cluster around the nucleus with abundant 
signal extension into the cytoplasm. In a time-course response manner, the signals around 
the nucleus became stronger and the cortical ER network signal pattern disappeared 
gradually upon treatment. Confocal immunofluorescence using anti-calnexin antibodies 
confirmed the retention of SpYFP-LRP in calnexin-labeled compartments in treated cells. 
The signals of ER after heat treatment as a cluster around the nucleus rather than network 
pattern detected from untreated BY-2 cells indicated that the cluster extending from the 
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nucleus was derived from ER that still contain both the YFP fusion and the ER resident 
protein calnexin. Conventional TEM studies confirmed reduced Golgi stacks numbers and 
swollen ER as results of the heat treatment on the SpYFP-LRP cells. In addition, in 
heat-treated SpYFP-LRP cells, clusters of numerous small cytosolic vesicles about 100-200 
nm in diameter that were physically close related to ER and Golgi apparatus were identified 
adjacent to the nucleus. Immuno-TEM using anti-GFP antibodies further confirmed the 
location of SpYFP-LRP in these small induced vesicles. Thus, the organization of the early 
secretory pathway including ER and Golgi apparatus of transgenic SpYFP-LRP BY-2 cells 
was changed because certain portion of the ER membrane protein calnexin was 
redistributed into the newly formed vesicles, rather than being exported to Golgi in response 
to heat treatment. 
In conclusion, the transgenic BY-2 cells expressing an ER-localized SpYFP-LRP 
reporter brought a useful and convenient tool for the ER export and ER dynamics studies. 
The results obtained from BFA and heat treatment on this transgenic BY-2 cell line 
indicated that overexpression of foreign proteins in various subcellular compartments of 
plant cells may alter their physiological response to chemical and environmental signals. 
5.2 Future perspectives 
Targeting and transportation of proteins in the secretory pathway is a very complicated 
process. The two-year master project could only touch the angle of the iceberg. In fact it 
raised more questions than it could resolve. Still many work need to be done to accomplish 
this story. 
What most important is the set up of a good protocol that could preserve both the fine 
structures and the antigenity of the suspension cultured tobacco BY-2 cells for 
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immuno-TEM study, which could be achieved using high pressure freezing/frozen 
substitution for sample preparation (Tse et al.，2004). The novel technique will bring us 
more detailed knowledge on the secretory pathway. The precise subcellular localization of 
SpYFP-LRP and other proteins, such as calnexin and COP proteins, in the untreated： 
BFA-treated and heat-treated SpYFP-LRP BY-2 cells could be elucidated. Thus the 
dynamics and export of ER, the origin of the induced compartments after the treatments 
also could be characterized. 
Further study on BFA treatment could be carried out. For example, confocal 
immunofluorescence using anti-Golgi markers, such as mannosidase 1 and GONSTl, and 
anti-PVCs markers, such as BP-80 and AtELP, antibodies in the fixed BFA-treated 
SpYFP-LRP cells will uncover the relationship among the ER, Golgi apparatus and PVCs 
upon BFA treatment. In previous studied, both the Golgi apparatus and the PVCs could 
response to BFA (Ritzenthaler et al., 2002; Tse et al., 2004). 
Confocal immunofluorescence using various antibodies specific for different 
compartments of the secretory pathway vs. the SpYFP-LRP reporter shall allow us to probe 
the transportation and biogenesis of the newly formed vesicles upon heat treatment in 
transgenic BY-2 cells. Confocal immunofluorescence using anti-actin or anti-tubulin 
antibodies will also give us clues to the relationship between the organizational changes of 
the early secretory pathway and alteration of the cytoskeleton. 
The other interesting study is to address the molecular mechanism by which the 
SpYFP-LRP located to ER. Three possibilities exist. First, LRP may contain signal that 
would retain the YFP fusion within the ER after entering the ER by the function of the 
engineered signal peptide sequence in the fusion protein. This can be tested via expressing 
and following the fate of a new Sp-LRP protein in BY-2 cells, followed by possible 
loss-of-function and gain-of-function studies on the targeting signals. The other possibility 
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is that the signal peptide sequence cannot be cut off from the fusion upon entering into the 
ER, thus causing the fusion remain as an membrane protein and retaining within the ER, 
which can be addressed via subcellular fractionation studies to determine the protein nature 
of the Sp-YFP-LRP in transgenic BY-2 cells. Third, the improper folding of SpYFP-LRP 
due to overexpression may cause its retention within the ER, which can be tested via 
pulse/chase study in following the movement of newly expressed reporter via transfection 
with lower expression level. 
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5.1 Summary 
In this thesis research project for master of philosophy degree, the cytolocation of 
lysine-rich protein (LRP) was studied in winged bean seeds and in transgenic tobacco bright 
yellow (BY-2) cells expressing various LRP fusions with yellow fluorescent protein (YFP). 
In addition, ER exports and ER dynamics in response to Brefeldin A and elevated 
temperature were studies using transgenic tobacco BY-2 cells expressing the ER-localized 
SpYFP-LRP reporter. 
First, the subcellular localization of LRP in the cytosol of winged bean seed cotyledon-
was demonstrated by confocal immunofluorescence (CI) and immuno-TEM using 
anti-a-TIP and anti-LRP antibodies. This result was consistent with the prediction that LRP 
lacked a signal peptide sequence from its cDNA sequence. 
Second, two transgenic tobacco BY-2 cell lines expressing fusion proteins ofLRP-YFP 
and SpYFP-LRP respectively were generated by Agrohacterium-mQdX^itd. transformation. 
LRP-YFP cells showed YFP fluorescent signals in the cytosol and nucleus, excluding from 
the nucleolus and organelles/compartments in the cytosol. Thus, this fusion protein did not 
enter the secretory pathway and its fluorescent signal remained constant throughout the 
culturing period. In contrast, SpYFP-LRP cells showed ER-like network fluorescent signals 
that colocalized with calnexin, an ER membrane protein. Immuno-TEM using anti-GFP 
antibodies confirmed the ER localization of SpYFP-LRP. Thus, the signal peptide targeted 
the SpYFP-LRP into the ER but no further transportation for the reporter took place in 
transgenic cells. The signals in ER could only be kept for four days in the seven days' 
culturing period and be recovered after subculture in fresh MS medium. 
Third, transgenic BY-2 cells expressing the ER-localized SpYFP-LRP was therefore 
used as an ER reporter in studying ER dynamic and ER protein export. When the 
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SpYFP-LRP cells were treated with BFA at 5|ig/ml, BFA changed the YFP- ER-like 
network signal pattern into typical 'BFA-induced' compartments in confocal and TEM, 
where ER-Golgi hybrids were identified. In addition, at the TEM levels, several newly 
formed BFA-induced compartments were identified in the SpYFP-LRP transgenic cells but 
absent from treated WT cells, a result indicating that these new structure formation in 
response to BFA treatment may be due to the overexpression of the SpYFP-LRP protein. 
These BFA-induced compartments could not be recovered completely after washing away 
BFA. The close physical interaction between the remained spot signal and the recovered 
ER-like network signal, as well as the localization of calnexin in the induced compartment 
upon BFA treatment suggested that these newly BFA-induced compartments derived from 
the ER. The novel induced compartments except the ER-Golgi hybrid and the irreversibility 
of BFA effects showed the uniqueness of the SpYFP-LRP transgenic cells, which also 
indicated that high expression level of foreign proteins in various subcellular compartments 
of plant cells may alter their physiological response to chemical and environmental signals. 
Fourth, the effects of elevated temperature on the distribution of ER-marked reporter in 
the transgenic SpYFP-LRP cells were also studied by culturing the cells at 37°C. , the YFP 
fluorescent signal patterns changed from an ER network into a distinct pattern with YFP 
signals closely around the nucleus and extended network in the cytoplasm where the 
fluorescent signals aggregated together to form a cluster around the nucleus with abundant 
signal extension into the cytoplasm. In a time-course response manner, the signals around 
the nucleus became stronger and the cortical ER network signal pattern disappeared 
gradually upon treatment. Confocal immunofluorescence using anti-calnexin antibodies 
confirmed the retention of SpYFP-LRP in calnexin-labeled compartments in treated cells. 
The signals of ER after heat treatment as a cluster around the nucleus rather than network 
pattern detected from untreated BY-2 cells indicated that the cluster extending from the 
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nucleus was derived from ER that still contain both the YFP fusion and the ER resident 
protein calnexin. Conventional TEM studies confirmed reduced Golgi stacks numbers and 
swollen ER as results of the heat treatment on the SpYFP-LRP cells. In addition, in 
heat-treated SpYFP-LRP cells, clusters of numerous small cytosolic vesicles about 100-200 
nm in diameter that were physically close related to ER and Golgi apparatus were identified 
adjacent to the nucleus. Immuno-TEM using anti-GFP antibodies further confirmed the 
location of SpYFP-LRP in these small induced vesicles. Thus, the organization of the early 
secretory pathway including ER and Golgi apparatus of transgenic SpYFP-LRP BY-2 cells 
was changed because certain portion of the ER membrane protein calnexin was 
redistributed into the newly formed vesicles, rather than being exported to Golgi in response 
to heat treatment. 
In conclusion, the transgenic BY-2 cells expressing an ER-localized SpYFP-LRP 
reporter brought a useful and convenient tool for the ER export and ER dynamics studies. 
The results obtained from BFA and heat treatment on this transgenic BY-2 cell line 
indicated that overexpression of foreign proteins in various subcellular compartments of 
plant cells may alter their physiological response to chemical and environmental signals. 
5.2 Future perspectives 
Targeting and transportation of proteins in the secretory pathway is a very complicated 
process. The two-year master project could only touch the angle of the iceberg. In fact it 
raised more questions than it could resolve. Still many work need to be done to accomplish 
this story. 
What most important is the set up of a good protocol that could preserve both the fine 
structures and the antigenity of the suspension cultured tobacco BY-2 cells for 
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immuno-TEM study, which could be achieved using high pressure freezing/frozen 
substitution for sample preparation (Tse et aL, 2004). The novel technique will bring us 
more detailed knowledge on the secretory pathway. The precise subcellular localization of 
SpYFP-LRP and other proteins, such as calnexin and COP proteins, in the untreated, 
BFA-treated and heat-treated SpYFP-LRP BY-2 cells could be elucidated. Thus the 
dynamics and export of ER, the origin of the induced compartments after the treatments 
also could be characterized. 
Further study on BFA treatment could be carried out. For example, confocal 
immunofluorescence using anti-Golgi markers, such as mannosidase 1 and GONSTl, and 
anti-PVCs markers, such as BP-80 and AtELP, antibodies in the fixed BFA-treated 
SpYFP-LRP cells will uncover the relationship among the ER, Golgi apparatus and PVCs 
upon BFA treatment. In previous studied, both the Golgi apparatus and the PVCs could 
response to BFA (Ritzenthaler et al , 2002; Tse et al., 2004). 
Confocal immunofluorescence using various antibodies specific for different 
compartments of the secretory pathway vs. the SpYFP-LRP reporter shall allow us to probe 
the transportation and biogenesis of the newly formed vesicles upon heat treatment in 
transgenic BY-2 cells. Confocal immunofluorescence using anti-actin or anti-tubulin 
antibodies will also give us clues to the relationship between the organizational changes of 
the early secretory pathway and alteration of the cytoskeleton. 
The other interesting study is to address the molecular mechanism by which the 
SpYFP-LRP located to ER. Three possibilities exist. First, LRP may contain signal that 
would retain the YFP fusion within the ER after entering the ER by the function of the 
engineered signal peptide sequence in the fusion protein. This can be tested via expressing 
and following the fate of a new Sp-LRP protein in BY-2 cells, followed by possible 
loss-of-function and gain-of-function studies on the targeting signals. The other possibility 
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is that the signal peptide sequence cannot be cut off from the fusion upon entering into the 
ER, thus causing the fusion remain as an membrane protein and retaining within the ER, 
which can be addressed via subcellular fractionation studies to determine the protein nature 
of the Sp-YFP-LRP in transgenic BY-2 cells. Third, the improper folding of SpYFP-LRP 
due to overexpression may cause its retention within the ER, which can be tested via 
pulse/chase study in following the movement of newly expressed reporter via transfection 
with lower expression level. 
• 121 • 
Refereixe 
Reference 
Ahmed, S.U., E. Rojo, V. Kovaleva, S. Venkataraman, J.E. Dombrowski, K. Matsuoka, and 
N.V. Raikhel. 2000. The plant vacuolar sorting receptor AtELP is involved in transport of 
NH(2)-terminal propeptide-containing vacuolar proteins in Arabidopsis thaliana. J Cell Bio[ 
149:1335-44. 
Alexandrov, V.Y.，A.G. Lomagin, and N.L. Feldman. 1970. The responsive increase in 
thermostability of plant cells. Protoplasma. 69:417-58. 
An, G. 1985. High efficiency transformation of cultured tobacco cells. Plant Physiol 
79:568-570. 
Anderson, M.T.，I.M. Tjioe, M.C. Lorincz，D.R. Parks, L.A. Herzenberg, and G.P. Nolan. 
1996. Simultaneous fluorescence-activated cell sorter analysis of two distinct transcriptional 
elements within a single cell using engineered green fluorescent proteins. Proc Natl Acad 
Sci U S A . 93:8508-11. 
Aubert, S., E. Gout, R. Bligny, D. Marty-Mazars，F. Barrieu, J. Alabouvette, F. Marty, and R. 
Douce. 1996. Ultrastructural and biochemical characterization of autophagy in higher plant 
cells subjected to carbon deprivation: control by the supply of mitochondria with respiratory 
substrates. J Cell Biol. 133:1251-63. 
Baldwin, T.C., M.G Handford, M.I. YusefF, A. Orellana, and P. Dupree. 2001. Identification 
and characterization of GONSTl, a golgi-localized GDP-mannose transporter in 
• 122 • 
Reference 
Arabidopsis. Plant Cell. 13:2283-95. 
Bennett, M.K., N. Calakos, T. Kreiner, and R.H. Scheller. 1992a. Synaptic vesicle 
membrane proteins interact to form a multimeric complex. J Cell Biol. 116:761-75. 
Bennett, M.K., N. Calakos, and R.H. Scheller. 1992b. Syntaxin: a synaptic protein 
implicated in docking of synaptic vesicles at presynaptic active zones. Science. 257:255-9. 
Bethke, P.C.，and R.L. Jones. 2000. Vacuoles and prevacuolar compartments. Curr Opir 
Plant Biol. 3:469-75. 
Biela, A., K. Grote，B. Otto, S. Hoth, R. Hedrich, and R. Kaldenhoff. 1999. The Nicotiana 
tabacum plasma membrane aquaporin NtAQPl is mercury-insensitive and permeable for 
glycerol. Plant J. 18:565-70. 
Boevink, P., K. Oparka, S. Santa Cruz, B. Martin, A. Betteridge, and C. Hawes. 1998. 
Stacks on tracks: the plant Golgi apparatus traffics on an actin/ER network. Plant J. 
15:441-7. 
Brandizzi，F.，E.L. Snapp，A.G. Roberts, J. Lippincott-Schwartz, and C. Hawes. 2002. 
Membrane protein transport between the endoplasmic reticulum and the Golgi in tobaccc 
leaves is energy dependent but cytoskeleton independent: evidence from selective 
photobleaching. Plant Cell. 14:1293-309. 
Breyne, P., and M. Zabeau. 2001. Genome-wide expression analysis of plant cell cycle 
• 123 • 
Reference 
modulated genes. Curr Opin Plant Biol. 4:136-42. 
Calakos, N.，M.K. Bennett, K.E. Peterson, and R.H. Scheller. 1994. Protein-protein 
interactions contributing to the specificity of intracellular vesicular trafficking. Science. 
263:1146-9. 
Chalfie, M., Y. Tu，G. Euskirchen, W.W. Ward, and D.C. Prasher. 1994. Green fluorescent 
protein as a marker for gene expression. Science. 263:802-5. 
Cheng S.M.K. 1999. Expression of LRP in Arabidopsis plants. M. Phil. Thesis, Department 
of Biology, The Chinese University of Hong Kong. 
Cherry, J.H., K. Heuss-LaRosa, and R.R Mayer. 1989. Adaptation of thermotolerance on 
cowpea suspension cultures. In 'Environmental stress in plants, NATO ASI series. Series G. 
Ecological Sciences, Vol. 19 [ed. J.H. Cherry], pp. 355-369. Springer-VERLAG，Berlin. 
Chiu, W.，Y. Niwa, W. Zeng, T. Hirano, H. Kobayashi, and J. Sheen. 1996. Engineered GFP 
as a vital reporter in plants. Curr Biol. 6:325-30. 
Chrispeels, M.J., and L.A. Staehelin. 1992. Budding, fission, transport, targeting 
fusion—frontiers in secretion research. Plant Cell. 4:1008-16. 
Cody, C.W., D.C. Prasher, W.M. Westler，F.G. Prendergast, and W.W. Ward. 1993. Chemical 
structure of the hexapeptide chromophore of the Aequorea green-fluorescent protein. 
Biochemistry. 32:1212-8. 
• 124 • 
Refererce 
Cole, N.B., J. Ellenberg, J. Song, D. DiEuliis, and J. Lippincott-Schwartz. 1998. Retrograde 
transport of Golgi-localized proteins to the ER. J Cell Biol. 140:1-15. 
Cormack, B.P.，R.H. Valdivia, and S. Falkow. 1996. FACS-optimized mutants of the green 
fluorescent protein (GFP). Gene. 173:33-8. 
Cubitt, A.B.，R. Heim, S.R. Adams, A.E. Boyd, L.A. Gross, and R.Y. Tsien. 1995. 
Understanding, improving and using green fluorescent proteins. Trends Biochem Sci. 
20:448-55. 
Davenport, D.，and J.A.C. Nichol. 1955. Luminescence in Hydromedusae. Proc Royal Soci 
Series B. 144:399-411. 
Di Sansebastiano, G.P.，N. Paris, S. Marc-Martin, and J.M. Neuhaus. 1998. Specific 
accumulation of GFP in a non-acidic vacuolar compartment via a C-terminal 
propeptide-mediated sorting pathway. Plant J. 15:449-57. 
Driouich, A., G.F. Zhang, and L.A. Staehelin. 1993. Effect of brefeldin A on the structure of 
the Golgi apparatus and on the synthesis and secretion of proteins and polysaccharides in 
sycamore maple (Acer pseudoplatanus) suspension-cultured cells. Plant Physiol. 
101:1363-73. 
Elazar，Z.，L. Orci，J. Ostermann, M. Amherdt, G. Tanigawa，and J.E. Rothman. 1994 
ADP-ribosylation factor and coatomer couple fusion to vesicle budding. J Cell Biol. 
124:415-24. 
• 125 • 
Reference 
Ferguson, I.B., S. Lurie, and J.H. Bowen. 1994. Protein Synthesis and Breakdown during 
Heat Shock of Cultured Pear (Pyrus communis L.) Cells. Plant Physiol. 104:1429-1437. 
Geelen, D.N., and D.G. Inze. 2001. A bright future for the bright yellow-2 cell culture. Plant 
Physiol. 127:1375-9. 
Grebenok, R.J., E. Pierson, G.M. Lambert, F.C. Gong, C.L. Afonso, R. Haldeman-Cahill, 
J.C. Carrington, and D.W. Galbraith. 1997. Green-fluorescent protein fusions for efficient 
characterization of nuclear targeting. Plant J. 11:573-86. 
Gurley, W.B., and J.L. Key. 1991. Transcriptional regulation of the heat-shock response: a 
plant perspective. Biochemistry. 30:1-12. 
Haseloff, J. 1999. GFP variants for multispectral imaging of living cells. Methods Cell Biol. 
58:139-51. 
Haseloff, J., K.R. Siemering, D.C. Prasher, and S. Hodge. 1997. Removal of a cryptic intron 
and subcellular localization of green fluorescent protein are required to mark transgenic 
Arabidopsis plants brightly. Proc Natl Acad Sci U S A . 94:2122-7. 
Hasezawa, S.，T. Sano, and T. Nagata. 1998. The role of microfilaments in the organization 
and orientation of microtubules during the cell cycle transition from M phase to Gl phase 
in tobacco BY-2 cells. Protoplasma. 202:105-14. 
Heim, R.，D.C. Prasher, and R.Y. Tsien. 1994. Wavelength mutations and posttranslational 
• 126 • 
Reference 
autoxidation of green fluorescent protein. Proc Natl Acad Sci U S A. 91:12501-4. 
Hong, S.W., and E. Vierling. 2000. Mutants of Arabidopsis thaliana defective in the 
acquisition of tolerance to high temperature stress. Proc Natl Acad Sci U S A . 97:4392-7. 
Hsu, V.W., L.C. Yuan, J.G. Nuchtem，S.J. Lippincott, GJ. hammerling, and R.D. Clausner. 
1991. A recycling pathway between the endoplasmic reticulum and the Golgi apparatus 
for retention of unassembled MHC class I molecules. Nature. 352:441-4. 
Ikeda, T., T. Matsumoto, K. Kato, and M. Noguchi. 1974. Isolation and identification of 
ubiquinone 10 from cultured cells of tobacco. Agricul Biol Chem. 38:2297-2298. 
Jackson, C.L.，and J.E. Casanova. 2000. Turning on ARF: the Sec7 family of 
guanine-nucleotide-exchange factors. Trends Cell Biol. 10:60-7. 
jauh, G.Y.，T.E. Phillips, and J.C. Rogers. 1999. Tonoplast intrinsic protein isoforms as 
markers for vacuolar functions. Plant Cell. 11:1867-82. 
Jefferson, R.A.，T.A. Kavanagh, and M.W. Bevan. 1987. GUS fusions: beta-glucuronidase 
as a sensitive and versatile gene fusion marker in higher plants. EMBO J. 6:3901-7. 
Karlsson, M.，I. Johansson, M. Bush, M.C. McCann, C. Maurel, C. Larsson, and P. 
Kjellbom. 2000. An abundant TIP expressed in mature highly vacuolated cells. Plant J. 
21:83-90. 
• 127 • 
Refererce 
Kato, K.，T. Matsumoto，A. Koiwai, S. Mizusaki, K. Nishida, M. Noguchi, and E. Tamaki. 
1972. In 'Fermentation Technology Today' (G. Terui, ed.)，pp. 689-695 Society of 
fermentation technology, Osaka, Japan. 
Kimura, T., S. Takeda, J. Kyozuka, T. Asahi, K. Shimamoto, and K. Nakamura. 1993. The 
presequence of a precursor to the delta-subunit of sweet potato mitochondrial FlATPase is 
not sufficient for the transport of beta-glucuronidase (GUS) into mitochondria of tobacco, 
rice and yeast cells. Plant Cell Physiol. 34:345-55. 
Klein, T.M., E.G. Harper, Z. Svab, J.C. Sanford, M.E. Fromm，and P. Maliga. 1988. Stable 
genetic transformation of intact Nicotiana cells by the particle bombardment process. Proc 
Natl Acad Sci U S A . 85:8502-8505. 
Kohler, R.H., W.R. Zipfel, W.W. Webb, and M.R. Hanson. 1997. The green fluorescent 
protein as a marker to visualize plant mitochondria in vivo. Plant J. 11:613-21. 
Kreis, T.E., M. Lowe, and R. Pepperkok. 1995. COPs regulating membrane traffic. Annu 
Rev Cell Dev Biol. 11:677-706. 
Kyte, J.，and R.R Doolittle. 1982. A simple method for displaying the hydropathic character 
of a protein. J Mol Biol. 157:105-132. 
Laureys, F.，W. Dewitte, E. Witters, M. Van Montagu, D. Inze, and H. Van Onckelen. 1998 
Zeatin is indispensable for the G2-M transition in tobacco BY-2 cells. FEBS Lett. 426:29-32. 
• 128 • 
Reference 
Lee, G.J., and E. Vierling. 2000. A small heat shock protein cooperates with heat shock 
protein 70 systems to reactivate a heat-denatured protein. Plant Physiol. 122:189-98. 
Lee, M.H., M.K. Min, Y.J. Lee, J.B. Jin, D.H. Shin, D.H. Kim, K.H. Lee, and I. Hwang. 
2002. ADP-ribosylation factor 1 of Arabidopsis plays a critical role in intracellular 
trafficking and maintenance of endoplasmic reticulum morphology in Arabidopsis. Plant 
Physiol. 129:1507-20. 
Lewis, M.J.，D.J. Sweet, and H.R. Pelham. 1990. The ERD2 gene determines the specificity 
of the luminal ER protein retention system. Cell. 61:1359-63. 
Liu B. 1991. Purification and identification of a lysine-rich protein and synthesis of 
oligonucleotide probe corresponding to N-terminal sequence of the protein. M. Phil. Thesis, 
Institute of Botany, Academia Sinica. 
Liu Q.Q. 2002. Genetically engineering rice for increased lysine. Ph.D. dissertation, The 
Yangzhou University. 
Meaden, P., K. Hill, J. Wagner, D. Slipetz, S.S. Sommer, and H. Bussey. 1990. The yeast 
KRE5 gene encodes a probable endoplasmic reticulum protein required for 
(l„..6).beta-D-glucan synthesis and normal cell growth. Mol Cell Biol. 10:3013-9. 
Millar, A.J., LA. Carre, C.A. Strayer, N.H. Chua, and S.A. Kay. 1995. Circadian clock 
mutants in Arabidopsis identified by luciferase imaging. Science. 267:1161-3. 
• 129 • 
Reference 
Millar, A.J., S.R. Short, N.H. Chua, and S.A. Kay. 1992. A novel circadian phenotype based 
on firefly luciferase expression in transgenic plants. Plant Cell. 4:1075-87. 
Mitsuhashi, N.，T. Shimada, S. Mano，M. Nishimura, and I. Hara-Nishimura. 2000. 
Characterization of organelles in the vacuolar-sorting pathway by visualization with GFP in 
tobacco BY-2 cells. Plant Cell Physiol. 41:993-1001. 
Miyawaki, A., J. Llopis, R. Heim, J.M. McCafFery, J.A. Adams, M. Ikura, and R.Y. Tsien. 
1997. Fluorescent indicators for Ca2+ based on green fluorescent proteins and calmodulin. 
Nature. 388:882-7. 
Morin, J.G., and J.W. Hastings. 1971. Energy transfer in a bioluminescent system. J Cell 
Physiol. 77:313-8. 
Morise, H., O. Shimomura, F.H. Johnson, and J. Winant. 1974. Intermolecular energy 
transfer in the bioluminescent system of Aequorea. Biochemistry. 13:2656-62. 
Nagata, T.，Y. Nemoto, and S. Hasezawa. 1992. Tobacco BY-2 cell line as the "Hella" cell in 
the cell biology of higher plants. Inter Rev Cytol. 132:1-30. 
Nebenfuhr, A., L.A. Gallagher, T.G. Dunahay, J.A. Frohlick, A.M. Mazurkiewicz, J.B. 
Meehl, and L.A. Staehelin. 1999. Stop-and-go movements of plant Golgi stacks are 
mediated by the acto-myosin system. Plant Physiol. 121:1127-42. 
Nebenfuhr, A., C. Ritzenthaler, and D.G. Robinson. 2002. Brefeldin A: deciphering an 
• 130 • 
Reference 
enigmatic inhibitor of secretion. Plant Physiol. 130:1102-8. 
Neumann, U., F. Brandizzi, and C. Hawes. 2003. Protein transport in plant cells: in and out 
of the Golgi. Ann Bot (Lond). 92:167-80. 
Nicholson, R.C., D.B. Williams, and L.A. Moran. 1990. An essential member of the HSP70 
gene family of Saccharomyces cerevisiae is homologous to immunoglobulin heavy chain 
binding protein. Proc Natl Acad Sci U S A . 87:1159-63. 
Ormo, M.，A.B. Cubitt, K. Kallio, L.A. Gross, R.Y. Tsien, and SJ . Remington. 1996. 
Crystal structure of the Aequorea victoria green fluorescent protein. Science. 273:1392-5. 
Paris, N.，S.W. Rogers, L. Jiang, T. Kirsch, L. Beevers, T.E. Phillips, and J.C. Rogers. 1997. 
Molecular cloning and further characterization of a probable plant vacuolar sorting receptor. 
Plant Physiol. 115:29-39. 
Paris, N., C.M. Stanley, R丄.Jones，and J.C. Rogers. 1996. Plant cells contain two 
functionally distinct vacuolar compartments. Cell. 85:563-72. 
Parodi, A.J. 2000. Role of N-oligosaccharide endoplasmic reticulum processing reactions in 
glycoprotein folding and degradation. Biochem J. 348 Pt 1:1-13. 
Prasher, D.C.，V.K. Eckenrode, W.W. Ward, F.G. Prendergast, and M.J. Cormier. 1992. 
Primary structure of the Aequorea victoria green-fluorescent protein. Gene. 111:229-33. 
• 131 • 
Reference 
Queitsch, C., S.W. Hong, E. Vierling, and S. Lindquist. 2000. Heat shock protein 101 plays 
a crucial role in thermotolerance in Arabidopsis. Plant Cell. 12:479-92. 
Redig, P., O. Shaul, D. Inze, M. Van Montagu, and H. Van Onckelen. 1996. Levels of 
endogenous cytokinins, indole-3-acetic acid and abscisic acid during the cell cycle of 
synchronized tobacco BY-2 cells. FEES Lett. 391:175-80. 
Reed, M.L., S.K. Wilson, C.A. Sutton, and M.R. Hanson. 2001. High-level expression of a 
synthetic red-shifted GFP coding region incorporated into transgenic chloroplasts. Plant J. 
27:257-65. 
Ritzenthaler, C.’ A. Nebenfuhr, A. Movafeghi, C. Stussi-Garaud, L. Behnia, P. Pimpl, L.A. 
Staehelin, and D.G. Robinson. 2002. Reevaluation of the effects of brefeldin A on plant cells 
using tobacco Bright Yellow 2 cells expressing Golgi-targeted green fluorescent protein and 
COPI antisera. Plant Cell. 14:237-61. 
Rose, M.D.，L.M. Misra, and J.P. Vogel. 1989. KAR2, a karyogamy gene, is the yeast 
homolog of the mammalian BiP/GRP78 gene. Cell. 57:1211-21. 
Satiat-Jeunemaitre, B., L. Cole, T. Bourett, R. Howard, and C. Hawes. 1996. Brefeldin A 
effects in plant and fungal cells: something new about vesicle trafficking? J Microsc. 181 
(Pt 2): 162-77. 
Scales, S.J.，M. Gomez, and T.E. Kreis. 2000. Coat proteins regulating membrane traffic. 
Inter Rev Cytol. 195:67-144. 
• 132 • 
Reference 
Schwarzerova, K.，J. Pokoma, J. Petrasek，S. Zelenkova, V. Capkova，I. Janotova, and Z. 
Opatrny. 2003. The structure of cortical cytoplasm in cold-treated tobacco cells: the role of 
the cytoskeleton and the endomembrane system. Cell Biol Int. 27:263-5. 
Sciaky，N., J. Presley, C. Smith, K.J. Zaal, N. Cole, J.E. Moreira，M. Terasaki, E. Siggia, 
and J. Lippincott-Schwartz. 1997. Golgi tubule traffic and the effects of brefeldin A 
visualized in living cells. J Cell Biol. 139:1137-55. 
Semenza, J.C., K.G Hardwick, N. Dean, and H.R. Pelham. 1990. ERD2, a yeast gene 
required for the receptor-mediated retrieval of luminal ER proteins from the secretory 
pathway. Cell. 61:1349-57. 
Shimada, T., E. Watanabe, K. Tamura，Y. Hayashi, M. Nishimura, and I. Hara-Nishimura. 
2002. A vacuolar sorting receptor PV72 on the membrane of vesicles that accumulate 
precursors of seed storage proteins (PAC vesicles). Plant Cell Physiol. 43:1086-95. 
Shimomura, O.，F.H. Johnson, and Y. Saiga. 1962. Extraction, purification and properties of 
aequorin, a bioluminescent protein from the luminous hydromedusan, Aequorea. J Cell 
Comp Physiol. 59:223-39. 
Shorter, J., M.B. Beard, J. Seemann, A.B. Dirac-Svejstrup, and G. Warren. 2002. Sequential 
tethering of Golgins and catalysis of SNAREpin assembly by the vesicle-tethering protein 
p l l5 . JCell Biol. 157:45-62. 
Smertenko, A., P. Draber, V. Viklicky，and Z. Opatrny. 1997. Heat stress affects the 
• 133 • 
Reference 
organization of microtubules and cell division in Nicotiana tabacum cells. Plant, Cell and 
Environment. 20:1534-1542. 
Sollner, T.，M.K. Bennett, S.W. Whiteheart, R.H. Scheller, and J.E. Rothman. 1993a. A 
protein assembly-disassembly pathway in vitro that may correspond to sequential steps of 
synaptic vesicle docking, activation, and fusion. Cell. 75:409-18. 
Sollner, T., S.W. Whiteheart, M. Brunner, H. Erdjument-Bromage, S. Geromanos, P. Tempst, 
and J.E. Rothman. 1993b. SNAP receptors implicated in vesicle targeting and fusion. 
Nature. 362:318-24. 
Steinmann, T.，N. Geldner, M. Grebe, S. Mangold, C.L. Jackson, S. Paris, L. Galweiler, K. 
Palme, and G. Jurgens. 1999. Coordinated polar localization of auxin efflux carrier PINl by 
GNOMARF GEF. Science. 286:316-8. 
Swanson, S.J., P.C. Bethke, and R.L. Jones. 1998. Barley aleurone cells contain two types 
of vacuoles. Characterization Of lytic organelles by use of fluorescent probes. Plant Cell. 
10:685-98. 
Takahashi, H.，W. Asanuma, and W. Saito. 1999. Cloning of an Arabidopsis cDNA encoding 
a chloroplast localized sulphate trasnport isofor. J Exp Bot. 50:1713-1714. 
Traas, J.A.，J.H. Doonan, D.J. Rawlins, P.J. Shaw, J. Watts, and C.W. Lloyd. 1987. An actin 
network is present in the cytoplasm throughout the cell cycle of carrot cells and associates 
with the dividing nucleus. J Cell Biol. 105:387-95. 
• 134 • 
Reference 
Tse, Y.C., B. Mo, S. Hillmer, M. Zhao, S.W. Lo, D.G. Robinson, and L. Jiang. 2004. 
Identification of Multivesicular Bodies as Prevacuolar Compartments in Nicotiana tabacum 
BY-2 Cells. Plant Cell. 16:672-93. 
Van der Fits, L.’ E.A. Deakin, J.H. Hoge, and J. Memelink. 2000. The ternary 
transformation system: constitutive virG on a compatible plasmid dramatically increases 
Agrobacterium-mediated plant transformation. Plant Mol Biol. 43:495-502. 
Wong H.W. 2002. Characterization of lysine-rich protein (LRP) in winged bean. M. Phil. 
Thesis, Department of Biology, The Chinese University of Hong Kong. 
Yang, T.T., L. Cheng, and S.R. Kain. 1996. Optimized codon usage and chromophore 
mutations provide enhanced sensitivity with the green fluorescent protein. Nucleic Acids 
Res. 24:4592-3. 
Yang, T.T., P. Sinai, G. Green, P.A. Kitts, Y.T. Chen, L. Lybarger, R. Chervenak, G.H. 
Patterson, D.W. Piston, and S.R. Kain. 1998. Improved fluorescence and dual color 
detection with enhanced blue and green variants of the green fluorescent protein. J Biol 
Chem. 273:8212-6. 
• 135 • 
r 
. 




. .. ,.——..，.•, ‘ 
g；； 
m , . 
m ' ' : . 
m\ . •. ,..:.:。..、.:： 
fey ‘ • 
1 
i 




r •.‘ ？ t 
/ 
：.« 
‘ • I 
•,, Vj 
•, ' 广/i 
y 
‘ . 
‘ • , i 
. . . . - / ‘ 、 





.• ..t ‘ 
> .-.-v 
,.。...；^  
CUHK Libraries - -'.jw：^ 
lllllllllll _ 
OOMmbESS 寫 、 , 
- .. ... 
. . 會 / , . 
